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Measures in 1960.

FACTORS FOR CONVERTING INCH-POUND UNITS TO INTERNATIONAL SYSTEM (SI) OF
METRIC UNITS

A dual system of measurements--inch-pound units and the International
System (SI) of metric units--is given in this report. SI is a consistent
system of units adopted by the Eleventh General Conference of Weights and

as follows:

Multiply inch-pound unit

acre

inch

inch

foot

foot

foot

foot

mile

square mile (mi

(in.)

per day (in/d)

(fo)

per day (ft/d)

per vear (ft/yr)
squared per day (ftz/d)

{mi)
2y

By
4,047

25.40

25.40
0.3048
0.3048
0.3048
0.09290
1.609

2.590

The conversion factors for terms used in this report are

To obtain SI unit

square meter (m2)

millimeter (mm)

millimeter per dav (mm/d)
meter (m)

meter per day (m/d)

meter per year (m/year)
meter squared per day (m?/d)

kilometer (km)

square kilometer (kmz)




METHODS AND APPLICATIONS OF DIGITAL-MODEL SIMULATION OF THE
RED RIVER ALLUVIAL AQUIFER, SHREVEPORT TO THE
MOUTH OF THE BLACK RIVER, LOUISTANA

By A. H. Ludwig and J. E. Terry

ABSTRACT

The Red River Waterways Project of the U.S. Army Corps of Engineers
provides for the construction of a series of locks and dams on the Red River
from the Mississippi River to Shreveport, La. The locks and dams will cause a
permanent rise in the level of the river, creating changes in the ground-water
flow system. The U.S. Geological Survey, in cooperation with the Corps and
the U.S8. Soil Conservation Service, began an investigation in 1968 to studv
the effects of the planned navigation pools on the ground-water flow regime.

The Red River downstream from Shreveport flows through an alluvial valley
that ranges from 2 to 12 miles (3.2 to 19 kilometers) in width. Along the
thalweg of the valley, the alluvium ranges from 75 to 200 feet (23 to 61
meters) in thickness and is composed of a silt and clay layver, underlain by a
coarse sand and gravel aquifer. The aquifer is hydraulicallyv connected in
varying degrees to the Red River and its major tributaries.

The methods used in the investigation involved digital modeling of steady-
and nonsteady-state conditions. The nonsteady-state model, utilizing a program
called SUPERMOCK, was designed to simulate transient stress and response in a
ground-water flow system that includes a water table in a confining laver
above an artesian aquifer. The steady-state model), utilizing a program called
GWFLOW, computes the head response in an aquifer due to various boundarv
conditions.

Principal data requirements for the models include climatic data, defini-
tion of the hydraulic characteristics of the upper confining laver and aquifer,
water-table levels in the upper confining laver and potentiometric levels in
the aquifer, and stream-stage data for the Red River and its tributaries.

In addition to the simulation models, several computer programs were
developed to aid in preparation of data and in the calibration of the models.
The programs were designed to compute the harmonic-mean water level at each
observation well (AVERAGE), compute the harmonic-mean conductivity for lavered




materials and the potential upward movement of water due to evapotranspiration
at the land surface (ATMOFLUX), compute daily evapotranspiration (POTEET),
provide main-stem and tributary stream-stage data sets for the nonsteady-state
model (RIVCHANGE and TRIBCHANGE), and to compute the change in the rate of
evapotranspiration due to a change in protentiometric head (DELETDELH).

Calibration techniques unique to each of the models were developed for
the investigation. The calibration procedure for the nonsteady-state model
involved reproducing, by manipulation of model parameters within plausible
limits, observed water-table and potentiometric levels while maintaining
reasonable limits on the rate of accretion to the aquifer.

INTRODUCTION

Background of the Investigation

The Red River Waterways Project of the U.S. Army Corps of Engineers was
authorized by the 90th Congress in the Rivers and Harbors Act of 1958. Project
plans include a 9- by 200-foot (2.7~ by 61-m) navigation channel, beginning at
the confluence of the Red and Mississippi Rivers and winding northwestward
along the present course of the Red River to Shreveport, La. From Shreveport
the channel will follow Twelvemile and Cypress Bayous to a point in Lake O'
the Pines Reservoir near Daingerfield, Tex. (fig. 1). A series of eight locks
and dams will be required to provide the navigation depths and the necessary
225-foot (69-m) lift from the Mississippi River to the head of navigation.

The natural ground-water flow svstem in the Red River alluvial vallev
will be altered by the formation of navigation pools except at locks 7 and 9,
which are to be built into existing dams on Caddo Lake and Lake O' the Pines.
Predominant effects of the navigation pools on the ground-water regime will be
a rise in water levels and changes in the ground-water flow pattern. In April
1963, at the request of the Corps of Engineers, the U.S. Geological Survey
began a preliminary study of the preconstruction and postconstruction ground-
water conditions. The study characterized, using available data, the existing
ground-water conditions in the valley and provided steady-state projections of
the effects of proposed navigation structures on ground-water levels. The
projections were made with the aid of an analog model.

In 1968 the Corps requested that the Geological Survey refine the projec-
tions made in the earlier study and that a continuing ground-water data-
collection program in the Red River Vallev be established. The studv area was
the alluvial valley from the confluence of the Red and Black Rivers to Shreve-
port, La., a distance of 241 river miles or 388 km (fig. 2). The Corps of
Enginecers considered several arrangements of either five or six locks and dams
within this reach of the river. An arrangement of five locks and dams, known
as the B-3 modified plan, was considered the most feasible plan of construction.

The effects of increased river stages, caused by the formation of naviga-
tion pools, on the ground-water regime were projected for stecadv- and nonsteadv-

2
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state conditions. The steady~state change in potentiometric surface was
projected from the average postconstruction river stages. Nonsteady-state
projections, used to determine the effect of the project on agriculture,
were made for specific periods within a typical calendar year. Because of
the size of the project area and the complexity of the flow regime, digital-
modeling techniques were used.

Results of the steady- and nonsteady~state analyses for each of the
five lock-and-dam areas were provided to the Corps of Engineers, 1975-76, in
a series of five administrative reports that were later released to the open
file (Ludwig, 1979a, b; Ludwig and Reed, 1979; Ludwig and Terrv, 1979a, b).
Average depths to the water table for specific periods of interest were
prepared for the U.S. Soil Conservation Service on punched IBM computer
cards. Basic-data reports containing ground-water quality analvses (Ludwiyg,
1974) and ground-water levels through June 1975 (Stephens, 1976) were pub-
lished as open-file reports.

Purpose and Scope

The purpose of this report is to describe the methods used in the studv
and to show their application to the Red River Waterways Project. The dis-
cussion is intended to be sufficiently detailed that the reader can obtain a
basic understanding of the methodology employed in the study. The discussion
covers (1) development and management of the basic-data network and the types
of data collected, (2) conceptualization of the geohvdrology of the studv
area, (3) descriptions of predictive models used and data requirements of
the models, (4) presentation of peripheral digital-computer programs used to
generate or manipulate data for use in the models, (5) calibration of the
models, (6) descriptions of output from the models, and (7) possible utiliza-
tion of the calibrated Red River models for other uses. Examples of program
input and output (taken from analyses of Lock and Dam 3 area) are shown.

DATA COLLECTION

The objective of the data-collection program for the Red River studv was
to obtain the data necessary for the determination of the hvdrologic charac-
terics of the flow regime in the Red River alluvium and the climatic factors
and agricultural practices which affect it. To accomplish these objectives,
work activities were divided among the participating agencies as follows: The
Geological Survey mapped the principal hydrologic boundaries, inventoried
existing wells suitable for periodic measurements, drilled test holes and
installed observation wells, analyzed samples of alluvial material for
hydraulic conductivity and grain size, installed and operated a series of
surface-water gages on tributary streams, and analyzed ground-water samples
from selected wells for chemical constituents. The U.S. Soil Conservation
Service installed shallow piezometers at observation-well sites, monitored
crop-observation plots to establish the relationship between vield and soil-
moisture conditions, mapped soil profiles, inventoried land-use practices,
and measured water levels in the network of Geological Survev and Soil
Conservation Service observation wells and piezometers. The Corps of Engi-
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neers provided average preconstruction and postconstruction stage profiles
of the Red River to be used in developing input to the steadv-state model.
The Corps also provided time-variant preconstruction and postconstruction
stage data in the form of 5-day averages at 2-mile (3.2-km) increments for
the period December 1967 to September 1973 for the entire reach of the Red
River in the project area.

The test-drilling program conducted by the Geological Survey was com-
pleted during a series of field sessions from 1968 to 1971. Approximately 350
test holes were drilled in the valley, from Shreveport to the mouth of the
Black River. Test holes were drilled with solid-stem power—auger drilling
equipment, and soil samples were collected at selected depths for analvses of
hydraulic conductivity and particle-size distribution. Most of the test holes
were drilled and logged through the entire alluvial section and into the
underlving Tertiary bedrock. The test holes were cased with 1'/~inch (32-mm)
galvanized-iron pipe and screened with 3-foot (0.9-m), 60-gage well screens.
The screens were set opposite coarse sand and gravel at depths ranging from 20
to 140 tt (6 to 43 m) below the land surface. The locations of the ohservation
wells are shown in figures 3A-E.

In the vicinity of the proposed construction sites and along the river,

the wells are more closely spaced in anticipation of greater variations in |
water levels in these areas. At greater distances from the river, fewer wells ’
are required. The amount of pumpage from the alluvium is small; therefore, )
where little change was expected, the data from a particular well could be
extrapolated over a relatively large area. The density of wells ranged from
one well per square mile (2.6 ka) in the vicinity of the locks and dams to
about one well per 3 mi2 (7.8 kmz) elsewhere in the valley.

Shallow piezometers were placed adjacent to most of the observation wells
to obtain data on the position of the water table in the upper confining
layer. The piezometers consisted of lengths of 3/4-inch (19-mm) galvanized-
iron pipe, driven into the ground to selected depths ranging from 1 to 20 ft
(0.3 to 6.1 m) below the land surface. The lower end of the pipe was left
open to the soil to allow movement of water into and out of the pipe. Two to
five piezometers were installed at each observation-well location, depending
on the variations in lithology in the upper section.

Water-level peasurements in all observation wells and piezometer tubes
were made monchly by Soil Conservation Service personnel. Digital recorders
were installed on 16 wells in the study area. Fourteen of the wells were near
the Red River to provide daily water-level data for the computation of aquifer
diffusivity. In addition, water samples were collected from all of the
observation wells at the time of installation and from many piezometer tubes
and analyzed for chemical quality.

Stream-stage data were collected from a network of 45 continuous recorders,
staff gages, and wire-weight gages (figs. 3A-E). Most of the gages were part
of the regular surface-water data-collection network operated by the Geological
Survey and the Corps of Engincers. However, 14 additional gages were installed
at intervals along tributary streams between existing recording gages and on
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lakes in the vallev. These gages provide supplementary data for the determina-
tion of stream profiles. Climatic data, including maximum and minimum daily
temperature and daily precipitation, were obtained from five National Weather
Service stations in and near the valley (figs. 3A-E).

MODELING THE HYDROLOGIC SYSTEM

Conceptual Model

The Red River flows southeastward through central and northwestern Loui-
siana. From Shreveport to the vicinity of Marksville, the river is confined in
a valley ranging from 2 to 12 mi (3.2 to 19 km) in width. The uplands bordering
the vallev rise as much as 150 ft (46 m) above the general level of the vallev,
Downstream from Marksville, the Red River Valley and the Mississippi River
vallev merge to form the broad Mississippi River alluvial plain. The f{lood
plain is characterized by verv low relief, meandering stream courses, oxbow
lakes, and other alluvial features. The dominant features are natural levees,
which form the topographic highs, and backswamps, which are the topographic
lows. The natural levees rise from 10 to 20 ft (3 to 6 m) above the adjoining
backswamps. Natural levees occur along abandoned channels of the Red River
and on tributarv streams, as well as along the presert course of the river.

Elevations in the vallev range from 40 ft (12.2 m) above mean sea level
(now generally referred to as National Geodetic Vertical Datum of 1929), ncar
the confluence of the Red and Black Rivers, to 170 ft (52 m) above sea level,
at Shreveport.

The average annual precipitation in the vallev ranges from 57 in. (1,448
mm), at Alexandria, to 43 in. (1,092 mm), at Shreveport. The greatest precipi-
tation generally occurs in April and Mav, and the least in September and
Octobuer. The climate of the area is classificd as humid; that is, precipitation
vquals or exceeds potential evapotranspiration. Favorable climatic conditions
and rich soil support abundant vegetal growth. In general, row crops, prin-
cipallv cotton and sovbeans, are grown on the natural levees.  The lower
levels of the natural levees are used mainly for pasture or sovbeans, and the
backswamp arcas are mostlyv forested.

Formations of Tertiarv age underlic the vallev alluvium and crop out
along the vallev walls.  The beds are composed primarily of clav, but locally
thev contain sand lenses.  The beds torm a nearly impermeable boundary to the
alluvial aquiter.  In many places, Pleistocene terrace deposits overlic the
Tertiary deposits in the upland., The terrace deposits, which arce remnanta ot
older and higher flood plains of the Red River, are most prevalent in the
lower end of the vallev, where thev are as much as 200 tt (b1 m) thick, I
Marksville Prairie is a terrace remnant in the Red River flood plaing The
terrace deposits are composed of a heterogencous sequence of sand, silt, and
clav. Gravel lavers occur in the terrace deposits and locally are the soarcs
of large quantities of water,
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The alluvium in the valley generally ranges from about 75 ft (23 m) in
thickness, in the upper end of the area, to about 200 ft (61 m), downstream
from Marksville. The alluvium can be divided into two segments: a lower unit
or aquifer, which is composed of coarse sand and gravel grading upward to fine
sand, and an upper confining layer, which is composed of clay, silt, and fine
sand. The upper confining layer averages about 30 ft (9.1 m) in thickness and
ranges from a few feet to 140 ft (43 m). The aquifer ranges from 5 ft (1.5 m)
in thickness beneath some channel-fill and backswamp deposits to 150 ft (46 m)
in the lower end of the valley. The thicknesses of the two segments vary from
place to place. Differences of as much as 100 ft (30 m) in the thickness of
the upper confining layer within short distances have been noted in Lock and
Dam 1 area. To a lesser extent, variations in thickness occur at manvy places
in the valley, primarilv as the result of fine~grained deposition in former
channels of the Red River.

Throughout the Red River Valley, the Red River and its major tributaries

are hvdraulically connected in varying degrees to the Red River alluvial ?}
aquifer. Therefore, changes in stream stages resulting from the construction
of the proposed locks and dams would induce similar changes in the potentio=- g

metric surface of the aquifer. The potentiometric surface refers to the level
to which water will rise in wells tapping the aquiter. Also, throughout the
Red River Vallev a water table exists as the upper surface of the zone of
saturation in the fine-grained material above the aquifer. The altitude of
the water table at anv point is a function of the transient flow through the
fine-grained material above the aquifer and the transient head in the aquifer.
Therefore, induced changes in the position of the potentiometric surface would
indirectly cause changes in the position of the water table.

Rainfall on the flood plain is the primary source of recharge for the
alluvial aquifer. Moisture reaches the aquifer indirectly bv infiltrating the
fine-grained material in the confining laver above the aquifer. An unknown,
but probably very small, amount of recharge is derived from the formations of
Tertiarv age that underlie and flank the vallev. Most of the water moving
downgradient through the terrace deposits is discharged into the tributary
streams that flow along the margin ot the vallev.

Water levels in most wells tapping the aquitfer risce above the base of
the fine-grained material overlving the aquifer, an indication that the water
is under contfined or semiconfined conditions. A zone of saturation in the
upper fine-grained material, extending from near the land surface down to the
aquifer, indicates the presence of water-table conditions.  These two con-
ditions exist simultancously because of the great difference in hvdraulice
conductivitv between the fine-grained material overlving the aquiter and the
aquifer itself. The position of the water table mav be cither above or below
the potentiometric level in the aquifer, as reflected by the direction of the i
resr*tant vertical flow in the fine-grained material between the water table p
and the top of the aquifer. Accretion, as detined by Stallman (1956), is the

to precipitation and evapotranspiration, Positive acceretion or recharge takes
place where the vertical hvdraulic gradient is downward. Converscly, negative
accretion or discharge takes place where the vertical hvdraulic gradient is
upward.

I
!
rate at which water is gained or lost through the aquiter surtace in response |
i
H
|
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The natural movement of water in the alluvium is toward discharge points
along the Red River and its tributaries in the valley. Because pumpage of
water from wells is not significant, water levels in the alluvium fluctuate in
response to seasonal variations in precipitation, evapotranspiration, and to
changes in river stage.

The recharge, movement, and discharge of water from the alluvial aquifer
are shown graphically in the idealized section in figure 4. The direction of
water movement, indicated by arrows, shows that the aquifer is being recharged
in zone 1 where the gradient is downward through the clay and silt. Discharge
takes place to the Red River and vertically upward in zone 2, The flow con-
ditions shown in the diagram may change. At any given location, the rate of
accretion is neither constant nor in the same direction at all times. Seasonal
weather changes, changes in river stage, and pumping may cause variations in
the magnitude and direction of water movement in the aquifer.
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Digital Model

Two tvpes of digital models were used in the analvses.  V steadv-state
model, GWFLOW (Bedinger and others, 1973), was used to provide projectians of
changes in the potentiometric surface. A nonsteady-state model, SUPERMOCK
(Reed and others, 1976), was used to simulate tluctuations of the head in the
aquifer and the water table.  For purposes of analvsis, the project arca was
divided into five overlapping model arvas.  Each area contained one or more of
the proposed lock-and-dam construction sites. These areas are identitficd by
referring to a particular lock-and-dam arca (fig. 2). To aid the Corps of
Engincers in determining the best arrangement of locks and dams, steadv-state
analvses woere run tor all alternate plans, including the B-3 moditficed plan.
Specitications for dam locations and pool clevations for the plans considered
are shown in table 1. The nonsteadv-state model was used to make projections
tor the B-3 modificed plan only.

The tramework for the digital models consisted of a rectangular grid of
34 rows and 80 columns superimposed on a map of the area having a scale of
1:62,500.  The spacing between cach intersection (node) in the arid represented
a distance of 0.5 mi (0.8 km).  Thas, cach model represented a 17- by 40-mile
(27- bv 64-km) arca. Five such awodels were used, cach representing a lock-
and-dam areca, to cover the 190-mile (306-km) reach of navigation channel in
the study arca (figs. 2, 3A-E).

he examples used in this report to illustrate the various model inputs
and outputs are taken from the analvsis of Lock and Dam 3 arca.  The tables
and alphameric maps emploved are rvepresentations of the modeled arcas cach
svmbol or tigure represents a value for a grid node (which represents an area
0.5 bv 0.5 mi, or 0.8 by 0.8 km).

To provide tor continuity in modeling the entire navigation reach, the
models were designed to include an arca of overlap on the adjacent model.
Adjacent models were overlapped a minimum distance equivalent to 6 mi (9.7
km). This overlap aided in the identification of errors associated with model
boundarv conditions and vnabled the preparation of a complete suite of data
for the navigation reach. As the models for adjacent arcas were analvzed, the
data developed for arcas common to cach model were examined and compared to
determine the extent of boundary effects.  Model boundaries parallel to the
river were placed at a distance far cenough trom the river so that the cottects
ot river-induced water-level changes would not extend to the boundaries.

Nonsteady State

Nonsteadv=state analvses tor the investigation were made by using three
digital programs called SUPERMOCK, DATE, and HYDROG (Reed and others, 19760,
which were developed particularly for this studv.  SUPERMOCK was designed to
simulate transient stress and response in a pround-water flow svstem that
includes a water table in the contining laver above an artesian aquiter.  The
model incorporates all the components of stress in the flow field.  SUPERMOCK
models three component lavers: a soil-moisture-accounting component, a vertical-
flow component, and a horizontal-flow component (tig. 5. DATE assipgns calendar
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Table 1.--Specifications for lock and dam arrangements studied in the
investigation

Pool elevation

Plan designation Lock and dam River mile (feet above mean
number (1967 mileage) sea level)

Project document----——~-- 1 44 40
2 87 60

3 152 95

4 206 115

5 243 135

6 270 150

Group A, plan l-=--m——euee 1 44 40
2 87 65

3 145 95

4 206 115

5 243 135

6 270 150

Group A, plan 2,-—-=—==—-- 1 44 40
2 87 60

3 137 90

4 195 115

5 243 135

6 270 150

Group A, plan 3-——-—-e—-—e- 1 44 40
2 87 65

3 145 90

4 195 115

5 243 135

6 270 150

Group B, plan ]---—----—- 1 L4 40
2 87 65

3 145 95

4 206 120

5 250 145

Group B, plan 2----——--—- 1 44 40
2 87 65

3 145 90

4 195 120

5 250 145

Group B, plan 3-—-=---u-—- 1 44 40
2 87 60

3 137 90

4 195 120

5 250 145

Group B, plan 3 1 44 40
modified-----—-—---~-~- 2 87 58

3 137 87

4 185 115

5 243 145
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Jdates to data computed at obscrvation nodes in SUPERMOCK and, Tor calibration,
makes comparisons between computed potentiometric and water—-table levels trom
SUPERMOCK and obscrved ficeld values. HYDROG produces hvdrooranhs asins outooat
trom DATE.  The use of output 1rom DATE and HYDROC i« discussea Tater in tii-

report under "Calibration of Modols,"

For case (n parameter moditication and tor adegquite sodeline control, <o
data components are read into the model by discrete subarcas, each containia
one observation well at which control data had been colloected. e cont frara-
tion of these subarcas was determined using the Thiessen polvoon method. DYata
that arce entered into, or computed by, SUPERMOCK in this manner are: the
Avdraulic conductivitices of the upper coniining laver, aquiter storiace coesi-
cients, specitic-vield values of the contfining laver, and cvapotran=niration.
e values of these parameters were determined by calibration. In order 1o
maintain control over calibration cause and cettect, the value Jde<inmatd Tor
cach ot these parameters at the control points was assizned to all nodes
within cach polveon (subarea) in the model area.

The soil-moisture—accounting component in SUPERMOCK {5 a paramnctric
rainfall acceretion model in which the parameters have phvsical sieni: icanc.

This component computes changes in soil-moisture storage, and recharge Leooand
discharge from the zone of acration to the water table.  Sceven paranctoer- a-cd
in the soil-moisturc-accounting procedure help derine the hvdrautics of tin
s0il as related to intiltration, storage, and drainace. e values o the s
paramcters were chosen arbitrarily by a trial-and-crror procedure in wiich
infiltration was computed basced upon the value of the soils parameters and
daily precipitation and evaporation. Plausibility limits for the parameters
are detfined in the soils literature., Within these limits, the vialues of the
s0ils parameters were adjusted until a combination was found that produccd
"

reasonable intfiltration rates for the tvpes of soils found in the Red River

Vallev. These seven parameters arce:

- SMSIN -

This parameter defines the initial value for surface-moisture storauve, in
inches.  Surface-moisture storage (SMS) is carried by the model in an
arrav containing values Tor SMS at cach node in the arid.  In the first
time step of the model, cach member of this arrav iz =ot equal to SMSTX.
For the Red River models, the value usced in cach lock-and-dam arca was
L.O in. (25.4 mm).

- KSAT -

This parameter detines the saturated bvdraulic conductivity tor woil, in
inches per dav.  For the Red River models, a value of 10,0 in/d (254
mm/d) was used.  This value was within plansible Timits and scemed to
produce the best resalts based upon ohserved data,
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- DRN -

This parameter defines the maximum drainage rate for soil, in inches per
dav. It controls the amount of infiltration, or recharge, to the water
table when an excess in soil moisture is available. A value of 10.0 in/d
(254 mm/d) was used in the Red River models.

e et A b

- SWF -

This parameter defines the suction (tension) of the soil at tfield capacity,

in inches. The value used in the Red River models was 120 in. (3,050

mm). This is a tvpical value for soils in the project area and was

obtained from the soils literature. ]

~ RGF -

This parameter defines the ratio of wilting-point tension to tension at

field capacity (dimensionless). The value used in the Red River models

was 40.0. This value also was obtained from the soils literature and is
a typical value for the project area.

This parameter defines the maximum amount of water, in inches, that can
be held in surface-moisture storage. The value for SM3M was obtained bw
a calibration process in which observed hvdrographs at control wells were
compared with computed hvdrographs at the same locations. A value of 1.0
in. (25.4 mm) for this parameter was used in the Red River models.

1
- XNORM - 1
d
This dimensionless parameter defines the limits ot the recharce rate. It
was set to 3 in all models of the Red River. This value allows the
recharge rate to range from zero, for SMS - 0.5x(SMSM), to 0.15x(DRN),
for SMS=SMSM. bl
The value of each of these parameters was held constant for the entire model {
and was entered to SUPERMOCK on a data input card. i

The stress on the soil-moisture-—-accounting component is the dailv diftfer-
ence between precipitation and potential cvapotranspiration which is input to !
SUPERMOCK on cards. When the stress is positive, infiltration to soil moisture .
is computed as a function of precipitation in e¢xcess of evapotranspiration,
the amount of moisture alreadv in storage, and the hydraulic properties of the '
soil. Infiltration, or positive downward flux, is computed bv the model,
using a modified version of a routine from a model bv Dawdv, Lichtv, and \
Bergmann (1972, p. B5-B8). This routine, which uses d-minute rainfall periods, J
was modified to correspond to the l-dav rainfall periods used in this model,
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Overland runoff, or infiltration residual computed in the routine of Dawdv,
Lichty, and Bergmann (1972), was dropped from the soil-moisture-accounting
procedure in SUPERMOCK. Due to the l-day rainfall period, it was necessarv to
impose an upper limit (SMSM), as previouslyv mentioned, on soil-moisture
storage because redistribution of moisture occurred only once each day. The
value of this limit used in the Red River models was 1 in. (25.4 mm). Because
the surficial material of the Red River alluvium is generally fine grained, a
limit of soil-moisture storage of 1 in. (25.4 mm) is reasonable. Evapotrans-
piration, or negative stress, is subtracted from soil-moisture storage up to
the amount of water available. When soil moisture is reduced to zero, evapo-
transpiration is derived from ground-water storage in the water~table zone in
the confining bed until soil moisture is replenished from rainfall.

The vertical-flow component in SUPERMOCK computes the elevation of the
water table in the fine-grained material above the aquifer a- a function of
the elevation of the water table in the preceding time step, the elevation of
the potentiometric surface, and recharge from the soil-moisture zone. By use
of this watur-table elevation, flow to or from the aquifer can ve determined
and used bv the horizontal-flow component. SUPERMOCK computes the redistribution
of soil moisture (recharge) to the water table as a decaving exponential
function of soil moisture throughout the range from 1 to 0.5 in. (25.4 to 12.7
mm). For soil moisture less than 0.5 in. (12.7 mm), SUPERMOCK sets recharge
to the water table to zero. Initially, the model takes ecvapctranspiration
from soil moisture and then from ground-water storage in the upper confining
layer after soil moisture is depleted. The limit on evapotranspiration from
ground water is the steadv-state rate of upward movement of water, as deter- ’
mined by the method of Ripple, Rubin, and van Hvlckama (1972). ATMOFLUX, a
peripheral data-preparation program developed for the investigation, was used
to compute these data. ATMOFLUX uses a method requiring a specified relation
between unsaturated hvdraulic conductivity and soil suction (Ripple and others,
1972, p. A6, eq. 10). Two parameters of this specification, n, an integer
soil coefficient, and $':, soil suction at which the unsaturated conductivity
is one-halt the saturated conductivity, are used to express the limiting
steady-state c¢vapotranspiration in a nondimensional form. Values of n,
ranging from 2 for clays ta 5 for sands, and values of §%, ranging from 1 for
sands to 2 for finer materials, were used in this study. Output from ATMOFLUX
includes punched cards containing values of evapotranspiration divided by
saturated hydraulic conductivity for depths to the water table ranging from 1
to 30 ft (0.3 to 9.1 m) for four ranges in hvdraulic conductivity associated
with each soil voefficient, n. Thesce pinched cards are used as input to
SUPERMOCK. The actual limiting rate of evapotranspiration used by SUPERMOCK :
was obtained by multiplving the computed upward rate associated with depth to '
the water table at a particular time bv the saturated hvdraulic conductivity
of the upper segment (HCU) of the upper contfining laver in a particular subarea.
The method of Ripple, Rubin, and van tivickama (1972) assumed bare scil and
moisture transport to the land surface. Practicallv all the Red River project
area is covered by vegetation. Therefore, moisture transport wias calculated
to the base of the root zone.




The horizontal-flow component in SUPERMOCK computes the transient eleva-
tion of the potentiometric surface in the aquifer. In the Red River models,
the stresses on the aquifer that were simulated included the imposition of
time-variant stream stages for the main stem of the Red River and its major
tributaries and accretion, which is computed by SUPERMOCK as a function of the
water-table elevation. Where a computed water table does not exist, the model
uses infiltration, or recharge, from the soil-moisture zone as accretion to
the aquifer.

The time-step increment used in the nonsteady~state analvses of the Red
River models was 10 days. Time-variant stream-stage and climatic data were
used as input, and the potentiometric surface and water-table elevations at
each node in the grid were computed for each time step.

Calibration of the nonsteady-state model was based upon preconstruction
stream stages and comparisons of computed and observed hvdrographs at observa-
tion wells. After calibration, the model was used to compute postconstruction
elevations of the potentiometric surface and water table. Postconstruction
output was based upon the imposition of postconstruction stream stages on the
main stem of the Red River. The availability of the time-varyving elevation of
the water table allowed the computation of average depths to the water table for
specific periods of interest requested by the Soil Conservation Service.

Steadyv State

Steady-state projections of the postconstruction potentiometric surface
in the Red River alluvial aquifer were made using techniques developed during
similar studies in the Arkansas River vallev (Bedinger and others, 1970).
During the Arkansas River study, these techniques were applied to analog
modeling. For the Red River investigation, these techniques were incorporated
into a digital model called GWFLOW (Bedinger and others, 1973). GWFLOW is a
two-dimensional representation of an aquifer.

The principal data needs of the GWFLOW model for use in steady-state
analysis are transmissivity of the aquifer, the ratio of change in evapo-
transpiration to change in aquifer head (AET/AH), change in stream stages, and
thickness and hydraulic conductiviiy of streambed material. To determine the
change in head at any point in the aquifer resulting from a change in river
stage, the initial potentiometric surface on the stream boundaries is the
change in river stage and is zero at all other nodes in the aquifer.

In the steady-state models of the Red River alluvial aquifer, trans-
missivity was varied over the modeled area, and AET/AH was entered as varving
by discrete subareas. The method used to determine values of AET/AH is dis-
cussed later under "Preparation of Digital-Model Input" and "Calibration of
Models." Stress on the models was imposed at appropriate stream nodes as
changes in stream stage from preconstruction to postconstruction conditions.
The direct effects of changes in stage for streams with partial hydraulic
connection were simulated by applying nonuniform streambed thickness and
holding the hydraulic conductivity of the streambed material constant. The
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values of AET/AH have a definite controlling effect on the magnitude of change
in the potentiometric surface and on the area of influence of stream-stage
change.

Time-step increments for GWFLOW were based on computation times entered
on cards. The computation times used in the Red River models, which were
those that were recommended for GWFLOW, ranged from 0.00130 to 40,000 davs in
logarithmic increments. Although analyvses indicated that most of the water-—
level changes had taken place in the first 2-3 years, computation times were
extended to 40,000 days to insure complete equilibrium. Primary output from
the models consisted of changes in the potentiometric surface at each node in
the O.5-mile (0.8-km) grid. This output was used to contour changes in the
potentiometric surface in the aquifer resulting from an increase in river
stage.

PREPARATION OF DIGITAL-MODEL INPUT

Preparation of input data for use in the GWFLOW and SUPERMOCK models
involved the collection and manipulation of field data. Some of the data
required, and also the data format, are common to both GWFLOW and SUPERMOCK.
However, because of the greater complexity of the SUPERMOCK model, more detailed
and varied types of input were required for it than for the GWFLOW model.

Several Jata-preparation computer programs, hereinafter termed "peripheral
programs,' were developed during the investigation to process data required by
the models. These programs will be discussed in the following sections.

Source listings and data-input requirements of these peripheral programs are
included as attachments at the end of this report.

Some of the data read into GWFLOW were dependent upon parameter values
determined during the calibration of the nonsteady-state model. Therefore,
nonsteady-state analyses for each lock-and-dam area were made before the
corresponding steadv-state analyses for that area. For purposes of discussion,
preparation of data for the two models will also be discussed in that order.

Nonsteady-State Model

Varied types of data were prepared for entry into the nonsteady-state
model in order to adequately define the flow field. Most of this input is in
the form of alphameric maps that are representations of the modeled area.
Many of these maps are outputs from the peripheral programs mentioned previouslv.
The primary data input to the model are depicted in the generalized flow chart
in figure 6.

Root Depth
Root depths of vegetation are key factors required by SUPERMOCK in

determining the effective depth to the water table for computation of evapotrans-
piration. Evapotranspiration is modeled as depleting the moisture content in

22




S15 4

]

A ptnbe

suoL3}en3onygy
3|qe3-493PM
pue goejuns

Jl43awoLiualod

10 uoLyeynduo)

- woSsAS

0} uoLiauadde

MO} 40 uolje}

10 uotyeindunn

-udsaudau |apoy

2oolls AP olsUuOu 104 8INPa204d |3POW-IPUBID JO WHIBUIP 2 014-- G BINLI

suotjenion| s
abrys-ueaals

1759436

uotjeardsuedy
-odeAd

{etjuazod pue

uotjejtdioduy

j

434 1nbe
3A0QP | PLJUB]RW
40 A31Aat10np
U0 dineupAy
pue ssauddLy]

UoL3LtuL4ap
AdPpunog

JUQLDL 44300
abeaols

AjLALssLusued

[PlL43Feu Paquead}s 40
ATLALIONPUOD PUR SSAUAILYL

SUOLIPAI{D 3IDP44NS
J1438woLuslod pue
91qe)-d3jem |eL3lu]

vy ane

WOLIPAD |2

R

23




the soil laver between land surface and the base of the root zone. Upward
rlow trom the water table ovcurs as a response to this surtficial depletion.

Cropping patterns to the nearest 40-acre (162,000-m3) plot and the c¢tfec-
tive root depths tor the various tvpes ot vegetal cover were determined by the
Soil Conservation Scervice. This information was based upon 1971 cropping
patterns that were assumed to be representative of the project area tor the
calibration period.

The root-depth data tor vach lock-and-dam area were entered into SUPERMOCK
in the torm of an alphameric map on cards. The varijous tvpes of vegetal
cover, their associated root depths, and the svmbols representing those depths
are tabulated below:

Root depth

Vegetal cover (feet) Map svmbol
Cotton-—=-—-- -~ e 2.3 C
Scuvbeang-—~--vmmm e e 2.3 S
Pasture~-—-—--=---mommmmm e 2.5 p
Orchards-—-~—-~——~=—~——m e 5.0 0
Woodlands-—~-=~—-—-mrmm e 5.0 W
Uplands=—-=——w=-mc o e o 5.0 U
Urban aregs——==—=r——=mmeo e c e 2.5 E

An cxample of an alphameric root-depth map is shown in tigure 7. (All
examples are for Lock and Dam 3 area.)

Land-Surface Elevation

The elevation of the land surface, in feet above Mean Sea Level Datum of
1929 (now referred to as National Geodetic Vertical Datum of 1929), was used
in the nonsteady-state models as a reference point for determining (1) the
depth to the water table, (2) the relation of the potentiometric surface to
land surface, and (3) the elevation of the top of the aquifer.

Land-surface elevations were obtained from two sources: instrument levels
and topographic maps. The land-surface elevation at each of the observation
wells was determined by instrument and assigned to the node nearest the well.
At all other nodes in each of the lock-and~dam-area models, these data were
picked from topographic maps. The appropriate set of data was read into
SUPERMOCK for each lock-and~dam area in the form of a numeric map. Land-
surface elevations at each node were estimated to the nearest foot.

Topographic map coverage, including map contour interval, is shown in
tigure 8.
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Figure 7.--Example of alphameric root-depth map
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Initial Potentiometric Surtace and Water Table

lhe elevation of the water table and potentiometric surtace is required
by SUPERMOCK as the starting point tor computat jons, In the tirst time step
in the model, the elevation ol the water table is set cequal to the elevation
ot the potentiometric surtace at corresponding nodes.  [herctore, the data
input that must be prepared is the initial potentiometric surtace.

In the Red River models, the average potentiometric surtace tor the
period ot record was used to represent the initial preconstruction potentio-
metric surtace. Ihe elevation ot the averaye potentiometric sartace in the

aquiter was based on a minimum ot 4 vears ot record. Tnese data were collected

from the joint Geological Survev=Soil Conscervation Service observation-well

network in the vallev.e  Measurements were made monthly in the 330-well notwors.

Water-level measurements at cach observation well in g particular tock-and-dam
area were averdaged on g time-weichted basis usine o dicital vrocram callod
AVERAGE, which was developed tor this purpose,  he only data required bhy tio
AVERAGE program are water levels and corresponding dates ot measurcment at

cach observation well. A program-source listing, containing input reguirement s

and tormats, and an example of program outpat are included in attachment A,
[he daverave values determined trom this procedure were plottred and manualtly
contoured to obtain the clevation ot the preconstruction potentiometric
surtace in that lock-and-dam arca. Ihe resulting averase potentiometric
surface represents a hvpothetical dvnamic-cquilibrium condition of head in tiwe
aquiter for preconstruction conditions.  From the contour map, the clevation
of the potentiometric surtace was picked for cach node in the erid coverine o
lock-and-dam area. These values were coded into a numeric map containiny
vlevations to the nearest 1oot at cach node. e map was converted into data
cards that were used as input to SUPERMOCK,

Ubserved Potentiometric Surtace and Water=-Table Elevations

For purposes of calibration, obscrved levels of the water table and the
potentiometric surtface were compared with corresponding values computed b
SUPERMOCK.  The comparisons were made in the DATE program (Reed and othor-,
1976) that was run in scquence with the SUPERMOCK model. he obscorved data
used in DATE consisted of the spring "high" and tall "low" water table and
potentiometric levels for one or more vears.

The observed potentiometric levels tor the bivh in the spring and the lTow
in the fall of specified vears were read into DATE as exact value-o  However,
because the position of the water table at some <ites known onlvy within a
certain range, several input tormat options are allowed.  Watcer-table valae:
mav be entered as being greater than or less than a wiven value, as beine
within a closed range, as an exact value, or as being unknown,

An example of a calibration table produced by DATE and a discuion ot
the use of the data are given in the section "Calibration and Veritication ot
the Nonsteadv-State Model." Observed data are printed in the table accordine
to the format in which thev were entered (o DATE.  Use ot the obocrved daty
for comparisons with computed data was invaluable in the calibration orocess.
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Transmissivity

The transmissivity of the alluvial aquifer in the studv area ranges from
3,000 to 15,000 ftzld (279 to 1,390 mz/d). These values were determined at
svlected sites by analysis of pumping-test data and by analvsis of aquifer
response to river-stage fluctuations. These data were extrapolated to other
arcas ol the vallev by developing relationships between hvdraulic conductivity
and particle size at the pumping~test sites and extending these values, on the
basis of grain-size relationships and thickness, to test-holte sites.

Pumping tests conducted by the Geological Survey as part of earlier
studies of the alluvium (Newcome, 1960) provided values of transmissivitvy at
six locations in the vallev., Transmissivity values, determined from these
tests, ranged from 5,300 to 13,000 ftz/d (492 to 1,210 m")/d). The hvdraulic
conductivity ranged from 130 to 160 ft/d (40 to 49 m/d).

Approximately 150 samples of aquifer material were collected trom test
holes and analvzed tor hvdravlic conductivity and particle size duriaoyg the
investigation. From these analvses, a relationship was developed botween
hvdraulic conductivity and particle size, using the method of Johnson and
Sedinper (1967)0 From this relationship, an average value ot hvdraulic
conductivity was developed for the alluvial aquitfer. Conductivity values
obtained by this method were compared with those determined trom pumping
tests.  From these analvses, an average value of hvdraulic conductivity of 147
ft/d (45 m/d) was decermined tor the alluvial aquifer.  This value was choecked
at several locations near the river by using the RIVER-INDUCED FLUCTUATTONS
computer program (Bedinger and others, 1973).  The transmissivity at cach o
the test-hole sites was then computed by multiplving the average conductivity
by tiie thickness of aquiter material noted in the test-hole logs.

lransmissivity values for the terrace deposits were ostimated using
thicknesses obtained trom lows of test holes in the deposits. e averavoe
Svdraal ic conductivity was assumed to bhe 147 (t/d (45 m/d). Ferrace deposite
woere assivined transmissivity values vhere they are arcally extensive and are
considered to be hvdranlically connected with the alluvial aguiter.

I'te tormations ot Tertiary ave, which anderlice the alluvium and torm the
aplands bhovderioeg the vallev, are composed primarity ot sile and olav and are
relatively dmpermeable compared with the allovial aquiter,  Batimatoed trans-
Missavities tor sand units in these formations ranged from o0 to oo v |
(4e7 to oo me/d) in areas where thev are in hvdranlic connection with tin
alluvial aquiter.  These cstimates were based apon geologic and pumpine-tost
data collected during carlicer studics (Sewcome, 1T9noy,

MUor transmissivity valoes bhad heen nlotted and contoarced tor thn
project arca, alphameric maps were prepared tor ocach Tock-and=dam arvear and
the dat s were panched on cards tor input to tive modet- Soceamb e ot an
alphameric transmissivity map trom the tady and explanat ion ot covabol are
Shown intiire o,
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Additional checks were made on the modeled transmissivity values during
calibration of the nonsteadv-state models.  However, onlv minor adjustments
woere made, and the maps were used virtually as initially prepared in Hoth the
steadv- and nonsteadv-state models,

Conductivity of the Upper Contfining Laver

Movement ot water to or from the alluvial aquitfer takes place through the
upper contining laver, which overlies the aquifer nearly evervwhoere in the
vallev.  The upper contining laver, which is composed of a heterogencous
sequence of clav, silt, and sand, rangzes in thickness from a few feet to 140
ft (43 m). Movement ot water through the upper contining laver was modeled as
being one-dimensional vertical tlow.  To provide for greater tlexibility in
mod ling the vertical-tlow component, the upper contining laver was modeled as
two seements; one segment extending trom the base of the root zone to the
water table and the other extending trom the water table to the top of the
aquifer.

Both the upper and lower segments were assigned values ot hvdraulic
conductivity, designated HOU and HCL, respectivelv.  These values were entered
in SUPERMOCK by discrete subarcas--cach subarcea having a unique value for HCU
and HCL.  Fach node within a subareva was assigned the same value tor HCU and F’
HCL.  Initially, HCU and HCL values in a particular subarca were scet equal to
the same value,  This value represented the harmonic mean of the conductivitices
tor materials in the upper contining laver in that subarea.  These harmonic-
mean conductivities were computed using a digital program, ATMOFLUXN, shown in
attachment B. The ATMOFLUN program uses as input the thickness and lithologic
class tor matervials in the upper contining laver. Lithologic data tor the
upper contining laver were obtained trom test=hole logs.  The scheme ased in
the studvy for associating lithologic ¢lass and hvdraulic conductivity is shown
in tigure 10,

Hydraulic~conductivity values ranging trom 3.0 to L.oxLu™ " 1t/d (0.9 to
INLOTE m/d) were selected as being the phvsical plausibility lTimits within
which adjustments could be made to the vertical hvdraulic conductivity of the
upper contining laver.  This range represents the conductivity ot materials
ranging from tine sand to dense clav.  Because of the lateral variability of
upper alluvial materials, the initial conductivity values, as determined from
test-hole logs, arce not necessarily representative ot the entire arca as
mode Led. IMercefore, the only constraints on adjusting vertical hvdraulic
conductivity values during calibration wvas to remain within the physical
plausibility limits,

An example of an alphameric map and the accompanving table desinmyg the
value of HCU and HCL for ecach subarca of a lock-and-dam area arve shown in
tigure 11.
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7 0.1 15 0.0004
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Figure 10.--Trilinear graph of soil-classification scheme showing hydraulic-conductivity
values for soil classes used in ATMOFLUX program.
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Relation of Evapotranspiration to Depth to Water

Because the eatire valley is covered by vegetation, the removal of water
bv evapotranspiration is not at the land surface but is at the base of the
root zone in the fine-grained laver. To determine the rate of evapotrans-
piration from the root zone for different depths to water, a function expressing
the relationship between dimensionless cevapotranspiration and depth to water
below the root zone (CGWETO) is used bv the model. Values of the GWETO function
were computed by the ATMOFLUX program (attachment F) and were entered to the
model on cards. GWETO includes four different functional relations between
evapotranspiration and saturated hydraulic conductivitv. The values of the
GWETO tfunction for the four ranges in hyvdraulic conductivity and for depths of
from 1 to 30 ft (0.3 to 9.1 m) to the water table are shown in figure 12. The
approvriate relation is chosen during program execution based on the value of
HCU. The value of evapotranspiration is computed in the program as the product
of GWETO at a particular depth to water and the upper hydraulic conductivity
(HCU). A detailed discussion of the determination of the GWETO function is
given in Reed, Bedinger, and Terry (1976, p. 52).
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Figure 12.--Example of GWETO functions for computation of evapotranspiration.
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Thickness of Streambed Material

The Red River and its tributaries do not fully penctrate the alluvial
aquifer at all places along their channel. The fine-grained material that
exists beneath the stream channels in places retards the movement of water to
or from the aquifer. As a result, for preconstruction conditions, water
levels in observation wells as close as 200 ft (61 m) to the streams mav
differ bv as much as 3 to 5 ft (0.9 to 1.5 m) from stream levels during
transient conditions.

In SUPERMOCK, grid nodes assigned to the main stem of the Red River mav
optionally be specified as fully or partially penetrating the aquifer. All
tributary stream entries are assumed to be partially penetrating. The model
requires that all partially penetrating stream nodes be assigned a streambed
thickness.

The thickness of material beneath the stream channels was not known
initially except through qualitative estimates based on logs of test holes
near the stream channels. Therefore, the effective thickness was determined
from ana®ysis of SUPERMOCK's response to different thicknesses as indicated by
the differences in the computed and observed potentiometric surface at control
wells near a stream. The reasonableness of the annual accretion to the
aquifer necessary to maintain a computed potentiometric level equal to the
observed level at those wells was also considered. An arbitrarv value of
thickness was assigned to each node in the model that represents a point on a
stream channel. Maps showing streambed thickness were then prepared for each
of the modeled areas. Separate symbols were used for each stream, and an
arbitrary value of thickness was given to each symbol. During calibration,
additional symbols were introduced where needed to represent different thick-
nesses.  Where changes were not required, the symbols used initially were
retained for ease in identifying various modeled stream channels. For reaches
of a stream where zero thickness seemed to be indicated by model response, a
verv small nonzero value was assigned. The program logic in SUPERMOCK computes
no flow through the streambed if a zero thickness is coded for the node in the
streambed-thickness map. An example of a streambed-thickness map and its
accompanving legend are shown in figure 13. The thickness value associated
with the symbols H and C is printed as zero because of the print format in
SUPERMOCK. The value is actually a small nonzero fraction. The blank in the
ewplanation indicates a nonstream node and therefore has no streambed thick-
ness associated with it. The 3's around the edge of the model indicate a no-
flow boundary.

The thicknesses shown on the maps do not necessarily indicate the physical
thickness of fine-grained material at a given location. A single value of
5x107 3 ft/d (1.5x10"3 m/d) was used in the model as the hydraulic conductivity
of the fine-grained material. Therefore, the thickness was adjusted to obtain
the correct ratio of hydraulic conductivity to thickness for calibration.

Also, because of the 0.5-mile (0.8-km) grid spacing used in the models, anv
modeled watercourse is effectively 0.5 mi (0.2 km) wide. Thus, the modeled
thicknesses must represent the flow characteristics through streambed materials
in generally much narrower streams. A near-zero thickness of streambed
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Figure 13.--Example of alphameric streambed-thickness map tor
nonsteady-state analysis.
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material is an indication that at that point the river and aquifer arc in
pertect hydraulic connection.

Changes in the preconstruction streambed-thickness map required in the
postconstruction analvsis included onlv the addition of nodes reflecting
postconstruction changes in the position of the navigation channel. The added
nodes were assigned the same thickness value as adjoining river nodes.

Specific Yield and Storage Coefficient

The introduction of specific-yield values and aquifer-storage coefficients
into the model was done in alphameric form by discrete subarcas identical with
those used for the entry of HCU and HCL. An example of an alphameric map of
specific-vield values and storage coefficients and the explanation for cach
are shown in figure 14. The scheme for applving calibration values to identical
subareas was used so that, during the calibration process, modifications could
be made to the values represented by symbols in any one subarea without substan-
tially affecting adjacent areas.

Specific-vield values were limited to a plausibilityv from 1x1072 to i
2x10~1, and the storage coefficient was allowed to varv from 11073 to 1x107°.
The final specific-vield values and aquifer storage-cocfficient values were
adjusted in the calibration procedure bv a trial-and-ervor procuss within
these limits.

Precipitation and Potential Evapotranspiration

Dailv precipitation and evapotranspiration data are required bv SUPERMOCK,
Climatic information used in preparing these data was obtained from National
Weather Service stations in, or near, each lock-and-dam areca. Data from
Weather Service stations at Alexandria, Natchitoches, Westdale, and Shreveport
were used in Lock and Dam 2-5 areas, respectivelv (fig. 3). Data for Lock
and Dam 1 area were taken from the Jonesville station, which is about 20
mi (32 km) north of that area.

Daily precipitation, in inches, was taken directly from Weather Service
records and coded for card input to SUPERMOCK. The model assumes uniform
distribution of precipitation throughout the grid arca. Therefore, no nodal
specifications were required. SUPERMOCK required that the precipitation data
begin on or before the first day of the simulation run and continuce through
the duration of the period analyzed.

Daily potential-evapotranspiration data were not direcctlv available.
Therefore, a computation scheme was required to derive the data. Potential
evapotranspiration is the combination of evaporation from the ground surtace
and transpiration from plants when there is complete vegetal coverage and soil
moisture is adequate. Potential cvapotranspiration was computed by the method
of Thornthwaite (1948). This computation scheme was incorporated into a
digital~computer program called POTEET, which was modified from a program
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Coefficient of storage map
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developed by E. P. Weeks (written commun., 1973). The principal data require-
ments of this program are minimum and maximum daily air temperatures, monthly
average temperatures during the period for which potential evapotranspiration
is to be computed, and latitude. A source program listing and complete data
requirements for POTEET are included in attachment C. Primary output from
POTEET consists of punched computer cards that are in a format compatible with
input requirements for SUPERMOCK.

River Stage

Two complete sets of time-variant stream—stage data for the Red River and
its major tributaries were required for nonsteady~-state analysis. Preconstruc-
tion conditions in each lock-and-dam area were simulated and the nonsteady-
state model was calibrated to reproduce observed water-table levels and
potentiometric-surface elevations at control wells. After successful calibra-
tion, the preconstruction stages were replaced by time-variant postconstruction
stages, and production runs were made simulating postconstruction conditions
in the flow field. Datum for all stream-stage data used in the nonsteadv-
state model was Mean Sea Level Datum of 1929.

The Corps of Engineers provided time-variant preconstruction and post-
construction stages on the main stem of the Red River for the period December
1967 to September 1973. These data consisted of sets of 5-day-average stages
at approximately 2-mile (3.2-km) intervals for the entire reach of the Red
River in the project area. Each set of associated stage and river-mile data
was identified by a sequence number, increased bv 5 for each set, to correspond
to the time (day) on which the average stages were based. The preconstruction
and postconstruction stages comprised two separate data sets, each residing on
a separate 7-track magnetic tape. These data sets were transferred to 9-track
tapes and used as master input-data sets for the creation of separate lock-
and-dam-area main~stem river-stage~data sets, as needed.

The individual lock-and-dam-area sets for the main stem of the Red River
were created by use of a digital program called RIVCHANGE, developed specifi-
cally for that purpose. The source~program listing of RIVCHANCE and data-
input requirements and formats are included in attachment D. Input requirements
for RIVCHANGE include the following: (1) beginning and e¢nding sequence numbers
corresponding to the beginning and ending dates of a period of time encompassing
the period to be analyzed for a particular lock-and-dam area; (2) a number
equal to an interpolated sequence number within the period specified in (1) at
which computation of 10-day averages is to begin; (3) the length of time, in
days, for which computation of 10-day averages is to continue; (4) the beginning
and ending river miles in a particular lock-and-dam arca; and (5) grid nodes
and associated river miles at which l0-day-average river stages were desired.
Node designation and associated river mile were determined manuallv, beginning
at the downstream end of the model and procceding upsteam scequentiallv to the
upstream end of the model area.

RIVCHANGE was designed to interpolate in time and space and compute 10-
day-average stages at specified river miles associated with river-stage nodes
in the model of a particular lock-and-dam area. The program first located the
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specified time period within the master data set and determined the reach of
the river to be analyzed. The spatial interpolation was based on river miles
and the temporal interpolation was based on sequence numbers and associated
calendar dates. As enough daily data became available from the interpolation,
RIVCHANGE began computing l0O-day-average stages, beginning with the dav
designated by the beginning sequence number for computations, and continuing
for the number of days specified.

Qutput from RIVCHANGE consisted of l0-dav-average river stages associated
with specified grid nodes. Each set of average data was identified by a
sequence number and a calendar date. These data were printed and also
stored in a sequential data set on a magnetic disk pack. The disk data set
could then be accessed by SUPERMOCK to obtain main-stem river stage everv 10
days for the duration of a simulation period.

Preconstruction and postconstruction main-stem data sets were created
by RIVCHANGE. Ditferences in the preparation of preconstruction- and post=—
construction-area data sets involved accessing diftferent master data sets
and specifving a different set of associated grid nodes and river miles.

Time-variant l0-dav-average stages on signiticant tributaries to the
Red River were also required by SUPERMOCK. A digital program called TRIBCHANGE
was developed to provide these data in a suitable form. Input requirements
for TRIBCHANGE include the following: (1) the total number of tributarv-
stream nodes to which stages would be assigned, (2) a beginning sequoence
number--identical with that for the main-stem data set-for computing sequence
numbers for sets of tributary-stream output, (3) manuallv computed 10-dav-
average stages at gaging stations on each stream, and (4) associated grid
nodes and stream miles for each stream. Data for anv number of streams can
be used as input to TRIBCHANGE, and the entire tributarv-stream data sct mav
be created in one run of the program,

TRIBCHANGE was designed to interpolate onlv spatially because the lO-dav
averages entered to it were computed manuallv for the needed time increments.
At nodes where tributary streams enter the Red River, the 10-dav-average data
from the main-stem-data set were entered to TRIBCHANCE as data for the base
gage on that stream.

OQutput from TRIBCHANGE consisted of l0O-dav-average stages everv 10 davs at
all specified grid nodes for tributary streams in a particular lock-and-dam
area. LCach set was identitied by a sequence number identical with the scquence
number of a corresponding average set in the main-stem-data set.

Data [rom TRIBCHANGE were printed and also stored in a sequential data
set on a magnetic disk pack. This disk data sct was then accessed by SUPERMOCK
to obtain l0-day average tributary-stream stages cvery 10 davs during the
duration of a run.

Both preconstruction and postconstruction tributarv-stream-data scots
were created by TRIBCHANGE,  Changes in data used as input to the program
for postconstruction included changes in base-gage data at the mouth ot
streams emptving directlv into the Red River, therceby retlecting increased
postconstruction stages on the Red River.,
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Iransmissivity

Fhve transoirssivity of the agquitor s e cuterod to o WHLOY v vy tant
over the wrbd area or g g spatially caroime parancters Por the ol oy
modoels, transmt cvivity was oentered as ospatialle caroine, oadleneer

was nsod i whiich cacn svmbol orepresented o ditteront o calae o tran o
e o mapy was identical with that used i the SEEPRMOCK mode ], (Seo i,

Change in fvapotranspiration wito Change in Potentiometric Sartace

CWELOW allows tor values representing the chanve in ovapotranspirvat ion
Wil Pespoect Lo o chaee in head GCUETTHY to e entored as cither constant
cver tae crid o avea, varving, or not modeloed atoall. Por the Red River =ode by
SETH was ovaricd by discrete subarcas, as represented by o dittorent soembole
in an alphameric map ot the erid. e alphameric map tor SPTOH was identical
with the map uscd in SUPERMOCK tor ifdentitviong cvapotranspiration and bodranl i
conductivity ot the contining laver. (See fiv, 1o,

Values of 20T/ 00 were determined with the aid of a dicital-computer
prosram called DELETDELH.  Taput data requirements, program listine, and an
example of provram output arce shown in attachment Fooo The computation schene
in this program is based on a method viven by Ripple, Rubin, and van Hvlekama
(1972). Vrimarv input to the program includes the tollowing: (1) the upper
and lower hvdraulic conductivitices (HCU and HCL) ot the contfining laver in
vach subarea, as determined from calibration of SUPERMOCK: (2) the thickness
ot material from the base of the root zone to the top of the agquifer in cach
subiarea; and (3) values of cvapotranspiration divided by saturated hvdraulic
conductivity (GWETO) for depths to the zone of saturation of from 1 to 30 ('t
(W3 to 9.1 m) tor tour ranges in hvdraulic conductivityv, as computed by
ATMOFLUX.  Using these data, DELETDELH computes, for cach subarea, values of
MET/AH tor depths to water of trom 1 to 30 tt (0.3 to 9.1 m).

Values ot AET/AH are computed by DELETDELH bv the following procedure,
Input values of GWETO (ratio of limiting rate of cvapotranspiration to hvdraulice
conductivity) were multiplied by the input valuce of HCU to convert the dimen-
sionless GWETO value into a limiting rate of cvapotranspiration (in feet per
dav) trom the water table.  This flow was then routed down to the base ot the
cont ininy laver, using input data on HCL and thickness of the contining laver,
to obtain the artesian head (expressed as depth to water) necessary to sustain
this tlow. The flow is largest for the shallowest computed depth to water (1
fty, or 0.3 m) and decreases with increasing depth to water.  The steadv-state
model uses changes in head and flow as boundarv conditions.  Change in flow
per unit of head change (AET/AH) was computed by DELETDELH for an input value
of depth to water by dividing differences in flow by diftferences in depth to
water.,  An example of results of the computations is shown in attachment 1,

The relation between cvapotranspiration and depth to water is a cuarvili-
near function. The function is computed bv the program DELETDELH,  Output
from this program are tables of AET/AH values for depths ot from | to 30 1y
(0,3 to 9.1 m) to water. The model calculates the chanpe in cvapotranspiration
with change in water level as a lincar tunction., Therefore, an iterative
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CALIBRATION AND VERIFICATION oF THE NONSTEADY=STATE MoDIL

Calibration and —woeridication (Matalas and Maddock, 197n) o7 ¢
<tate model was based on sinulating the observed wvater-tanle levels and
sotentiometric teads at observation-well locations.,  Calibpration was ol fected

5

wittin e=tablisthed error criteria bvoadjustineg model rarameters within estab=-

Cicinee nlausibility ranges.  Computations were made usins river-<tage and
climatic data Jor a L=vear period of record to provide =ufficient time for
sual ins=pection of comduted a-vear
indicated that most of the antecedent conditions were <sati=!ied

the first calibration vear and tnhat all had been =atisfied b the ond

Incla-lon o antecoedent conditions., Y

second vear. The third and fourth vears of the obrerved water-level
‘atd were snlit ointe two periods,  The Tourth vear was chosen as the calibra-

drogranhs hv

tion poricod Cor ohtaining a mateh of simulated and measured b
o model parameters.  The model results for the third vear were used

croveridication evalhation b ocomnaring dirfrferences hetween toe measured and
Daned edroarante,

=~

T T L

e ononsteadt-
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Figure 19.--Plan-and-profile views of a segment of river channel showing the

method for computing stage change.
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In the calibration process, all computed water-table and potentiometric-
surface clevations of observation-well locations in the grid were passed by
SUPERMOCK on a magnetic-disk data sct to DATE.  DATE performed sceveral fuance-
tions, including (in scquence): (1) converting mean sca level elevations to
depths below land surface; (2) assigning calendar dates to all water levels:
(3) choosing the spring high and the tall low water level tfor the water table
and potentiometric surtace for 1 or more vears, as specitied; (4) comparing
these high and low computed valuces with observed data entered to it on cards;
(3) printing a calibration table for analvsis; and (6) passing all computed
water-table and potentiometric-surtface levels for the obscervation nodes in
card images to HYDROG (Reed and others, 1976) on a magnetic-disk data sct. An
example of the calibration table produced by DATE is shown in figure 20,
Using these computed data as input, HYDROG plotted hvdrographs tor both the
potentiometric surface and the water table.  These computed hvdrogranhs were
compared visually with observed hvdrographs to check tor differences between
the two in fluctuations and depths to water.

The parameters that were modified, within predetermined plausibility
ranges, during calibration of the nonsteadyv-state models included the upper
and lower hvdraulic conductivitics of the contining laver (HCU and HCL) in
cach subarca of the grid, aquiter—-storage coefliicient in ecach subarca (S8),
specitic vield in cach subarea (WTSTO), and streambed thicknesses (AM). In
order to match obscerved data, a general calibration table from DATE was
inspected to determine in which subarcas simulated water-table and (or)
potentiometric-surface levels were within responding predetermined crror
criteria. In addition, computed potentiometric-surface and water-table
hvdrographs trom HYDROG were compared to hvdrographs developed tfrom observed
measurements.  After a thorough analvsis of a run, indicated changes were made
to appropriate parameters, and a new computer run was made.  Normallv, {rom 20
to 25 runs were required to calibrate cach nonsteadv-state model.

The magnitude and direction of changes that were caused by moditication
of parameters during calibration of the nonstceadv-state model are discussed in
the tollowing paragraphs.

The hvdraulic conductivity of the upper segment of the confining laver
(HCU) limits recharge to the water table and thus the aquifer. For positive
acceretion, an increase in the modeled value of HCU in a particular subarca
causes an increase in elevation of the water table and verv likelv an increase
in the elevation of the potentiometric surface unless the conductivity of the
lower segment of the contfining laver (HCL) is very low. A decrease in the
modeled value of HCU has the opposite cotffect and would likely cause a decreasce
in the elevation of both the water table and the potentiometric surtace.

As previouslv mentioned, HCL is the designation of the hvdraulic conduc-
tivity of the confining laver from the water table to the top of the aquitfer.
An increase in the modeled value of HCL generally results in an increase in
the elevation of the potentiometric surface and a decrease in the water table.
Decreasing the modeled value of HCL has the opposite effect; that is, the
water table will risce and the potentiometric surtace will tatl.,
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If negative accretion is occurring--that is, the water table has dropped
below the potentiometric surface and water is moving up from the aquifer--
increases in the modeled value of HCL will raise the water table and lower the
potentiometric surface. Decreases in the modeled value of HCL will lower the
water table and raise the potentiometric surface. Changes in the modeled
value of HCU will either raise or lower both surfaces.

Adjustments to the storage-coefficient (S) and specific-vield (WTSTO)
values can be used to control the fluctuations of the potentiometric surface
and water table, respectively. Increases in modeled values of cither of the
two parameters will cause smaller fluctuations, and decreases in these values
will cause larger fluctuations. Modifications to these narameters are very
useful during calibration for adjusting computed water levels for the spring
and fall that differ from observed values by about the same magnitude but in
opposite directions.

The thickness of streambed materials can be adjusted to produce a change
in the computed water-table and potentiometric levels near the stream.  In the
Red River Valley, the movement of water generallv is from the alluvial aquiter
to the river or stream. Therefore, if the modeled thickness of streambed
material is too small, computed water levels in obscrvation wells near the
stream are lower than the observed levels unless the recharge rate is in-
creased substantially. 1If increasing the conductivities of the upper confining
layer in the affected subareas does nothing more than increase computed accretion
values to unreasonable levels without an appreciable rise in water levels, the
streambed thickness is too small. The upper plausibility limit on accretion
was 1 ft/yr (0.3 m per vear). An example of a table of annual accretion
summations at observation wells is shown in tigure 21.

MODEL ouTpUT

The output from the nonsteadv-state model, in addition to that usced for
calibration, was designed to displayv the results of the analvsis in a form
suitable for the determination of the c¢ffects of the water table on agricul-
ture. The critical parameter influencing agricultural production is the depth
to the water table below land surface. The depth to the water table has a
significant effect when it is within the root zone, or within approximately 5
fr (1.5 m) of the land surface. Times of occurrence of shallow depths to the
water table are also significant. The most critical periods occur during the
plowing, planting, growing, and harvesting seasons of the vear., Vor this
reason, output from the model was designed to show the averause depth to the
water table for either one or two 1l0-dav time frames during these critical
periods. A series of 30-day time frames was used to represent water-table
conditions during the dormant season. In this manner, the vear was divided
into 21 time frames associated with specific calendar dates.  The dates were
selected by the Soil Conservation Scrvice. The actual output consisted ot
data, punched on computer cards, showing the computed depth to the water table
below land surface, to the nearest foot, at cach node in the model. Figure 22
is an example of part of the data, in printout form, showing the node location
(row and column) and depth to the water table for a particular time frame.

-
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Depths to the water table of as much as 9 ft (2.7 m) below land surface are
shown in the printout. Because the table format prints depth as only a single-
digit integer, a 9 indicates a depth of 9 ft (2.7 m) or more.

The combination of depth to water table, soil tvpe, and cropping pattern
was used by the Soil Conservation Service to determine the beneficial or
adverse effects of project-induced changes in water levels. Crop vields
obtained during the calibration period were used as the standard for determining
the net project effects.

Output from the steadv-state analysis consisted primarily of head-change
data, shown as tabulations or as maps. Maps of head change with time are
available from the model, but only the final or steady-state output was consid-
ered significant because it represented the dynamic equilibrium conditions
resulting from the change in river stage. This head-change map was used to
compute the average postconstruction potentiometric surface. The e¢lements of
this computation are shown in figures 23-26. Figure 23 shows the preconstruction
potentiometric surface in a lock-and-dam area. The computed head change is
shown as a grid plot to the same scale as the model grid (fig. 24) and as a
complete contour map (fig. 25). The head change was added algebraically to
the preconstruction potentiometric surface to produce the resultant potentio-
metric configuration shown in figure 26. This method is based on the principle
of superposition that assumes that the flow field in the aquifer can he
considered a linear system and that the head change component can be analvzed
independently. The principle of superposition allows the postconstruction
condition to be determined as the sum of the preconstruction head and the
head-change component.

CONTINUING STUDIES

The modeling procedures developed for this study, particularly those for
the modeling of nonsteady flow, were designed to provide data for an assessment
of the effects of project-induced water-level changes on agriculturce. However,
these procedures can be applied to a variety of situations in conncection with
the Red River Waterways Study. The calibrated models can, with the appropriate
boundaryv changes, be used to analyze the effects of any arrangement of locks
and dams or pool stages. Although the results of the studv were primarily
concerned with agriculture, the nonsteady-state model can be modified to
determine the effects of raised water levels in urban areas. The higher water
levels may cause flooding of basements, septic tanks, or sewer svstems, or
may, because of increased moisture content of surficial clavs, cause differen-
tial movement of footings of buildings, swimming pools, or bridges. The
models can also be used to aid in the design of well fields and surface-
drainage systems that mav be needed in places where shallow water-table
levels are anticipated.

To achicve the greatest bhenefit from the studv, the water-level-observation
network developed for the studv should be maintained and water-level measurements
continued through the construction phase to verify the predictions made during
the study. The data would provide a definition of the actual ground-water
conditions resulting from the stage changes and would provide a means of
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TIME IN UAYS== 4000V.00000

840 COLUMNSE ROWS lu  THRQUGH e

0e0 00 0e0 0.0 040 0.0 Uel D4l 0e0 040 0e0 0o 040 040 0.0 Ual  Ua.

1e2 168 243 249 3.6 442 4e6 4.6 2.4 led 1a2 0.9 067 065 Cow Qo ey

1e2 17 2e2 266 30 3.6 47 4647 2.9 169 1e6 1e0 0eT 0.5 Qo Uew Uuv

Fed 1e7 2el 245 2.9 3eé¢ 4e3 443 3.5 2¢3 145 10 0e7 045 0Caos 0us (o0

1e5 e 2e2 2¢5 269 344 3.6 3.6 3.4 246 146 Jel 07 0o Cos naes  0av

1o 149 262 2e5 249 33 3.2 3.0 2.7 241 1e6 1ad 0e6 Goesw o3 o Dev

2e3 248 2.6 2e4 2.4 2.2 2.1 le7 140 0.5 01 0.0 0.0 0.0 90eb 0.0 0.0

Jal 269 247 244 2.1 169 1e8 163 046 042 0.1 0aC 0.0 0. Call Qa0 VWV

9.5 64l 349 2.2 0.9 0e7 045 004 0ol 040 040 0.0 0.0 0.0 Col 0,0 v0Cov
BeS He5 343 letd Ge8 023 03 Wed 041 Cot 040 0.0 00 0.0 0Oab 0o Uar
8.2 4el 2eZ 1e0 043 We2 062 Dol 040 0.0 0.0 0Oeu 00 Ve Col Ned  yav

6.2 2.6 1.0 046 0.1 0.1 04l 0.0 0.0 0.0 0.0 040 0.0 0.0 04U Ued 0.0
NOTE.—Cight sheets of printout required for comnlete coverane of 4 <inale
modeled area.

Figure 24.--Example of computed output from steadv-state mode! showing o secbon
of head-change map.

7




-
a4 Wy el pontduar s Bure o A w inaqua s 52 .\::@;
UMOUS SO [DAIIUY JDOUCT
3,.0b 5 . N . AI0}4NS D114 awonuaod
i [T WA NI PRS- W . 2 OELT usy o T
o © : ‘ HoEert 1eb 3 buDy> paInpui- saAais DIINOWOS SMOYS
jauubuy w0 ob AN - — JNOLUOY 3BUDYY PO comeme § emmm.

NOVELIYNTIEX 3

58

<1
wl
I

4

Iy P R




I
i

EXPLANATION

—— 7 5 emmmm—

Potentiometric contour
Shows computed elevat:on of
potentiometric surface v ivie... Boundary of Red River glluvial aquiter
Contour interval 1s S5 feet (1 5 meters)

Datum s megyn seo Jevel

— Navigation channel

Tagure e armipntest cLar age Dot nnstryeon Sotenhometon Surt e ok et am




;
{ comparison ot observed and predicted water levels, From tnese coopari-ons,
I . n . + . .
adjustacnts could be made, 10 necessars, to the modeline toeiniqae . e
veritied, the model wonld bave application in tature <tudies ot ol bavinl
; Svaloma,
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ATTACHMENTS

fhe tollowine attachments give the program Iistings and show the input
data requirements for the peripheral programs in conjunction with the
SUPERMOCK and GWFLOW models.  The relation the peripheral programs to the
models in =shown in {igure 27. Examples of printed output (figs. 28, 29) trom
the AVERAGE and DELETDELH programs are given along with the respective docu-

mentation.  Output AVERAGE program is not dircctlv in the GWFLOW

used

ot

trom the used

model, but it provides control tor the contour map of the average preconstruc-
tion putentiometric surface used in conjunction with the output from the
GWFLOW model.  Primarv output from the ATMOFLUX and POTEET programs is punched

the RIVCHANGE and TRIBCHANGE programs is stored disk

output from these four programs are not shown.

on cards and that trom on

data sets. Examples of
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ATTACHMENT A ¥
AVERAGE Program
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Table 3.— =

L2 R A I R R AR LI SR AR B KT - 4 e R S

AvFawnnk

Yy

JOwme T8 Y

THIS PROAGRAM COMPUTES THr naR20nq]r
WECOR F O

LFVFL FNR A SPFCIFIFN PFERIOGH NF
THF PRAGRAM TS NECTHNFR T wran
GFONND=WATF W FORMATS, HOWFVF R

WATFR=1 FVFL CAPNS AS THEY ARF RiINCwEND

LE-R- 2R E- KR - R R- Rl K R R R RURTE - R R R R EER R R

wt loar w2 CAaLT S Ty
IT Cavp 0 ek b FRMATTE

Flim ~vy STk Sro,
R R R A i UV RVt R U

(T 1w

-k [T

)

SoeY AL ey

]

RS

Y

[ b

T

NIMENSTION THAY(12) e SIAMEI) THENDI200) o116 ) o1 (6) e 7Y (6 o
SIN(G) o IMO(G) «TIN(GY s TTY(G)aRw (&)

DATA UMeJNe IY oWl M/Ne0aNen D/
DATA STGN/tet gt 0 1y

DATA TNAY/ 3] 4lRe31e30e]e30e¢3T el 0a30qg3] el <1/

IRD=5
IPT=#
127=0

IMON == RFGINNING MONTH FOr NFSTWF )

IYR ~= HEATINNING YFAR FOR OHESIREN DFL

JMON == FNDING MANTH FOR DESwWE
JYP == FNDING YFAWR FOP DFSIWED
REAN (TRNDe4H) TMOMIYRGUMON, JYD
FLEV == LANND=SUKRFACF FLFVATTON
INO - CARD NIJMKED,

REAN (IRDeb6AhReFNN=44) FILFVeIND
M= 6

[em=n

JemM=0

NFPTH == NFETH OF WFELL »

IND == CARD NIMRFR,

REAN (TRNWGT) NEPTHGIMO

IF (DFPTH,FN,N.N) NEPTH=999,99
JM=n

N

44
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Pr 1NN
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PER IO NG

w e
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P
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Table 3.— AV % prcappe “iar?r :—Continued

wWw=0,Nn
PAX=G9499,

NP =]

NTM=0

NQ=14
PIN==999,9
AVFL =999,.,99
PAXFL =Q99,99
PINFL =0969,99

IHEN(T) == HEADING [NFNEMATION FOW wFL L.
INO == CARD NUMHFR,

READ (TRDe4H) (IHFD(I) o I=NP NG}« TND
IF (INOLLT.1) GO TO 3

NPz=NP+14

NO=NQ+ 14

GN 10 ?

MQ=MQ+)

M=z ]

MO(T) == MONTH WATFR=_FVFL MFASURMENT TAXEN,
ID(I) == NAY WATER~LFVFL MFASURFEMENT TAKEN,
IY(I) == YFAFf, WATFR=-LFVFL MFASQUWEMENT TaxFr,
SIN(I) == SIOGN NF WATFR=-LFEVFL VALIF,

WL(]) == WATER LEVFL

RFAN (TRNe49) (MO(TI) o IN(I) e IY(T)YeSIN(I)awWL (T)el=lut)ae INUM
IF (MR MEL]) GO TN 9

IF (IYR,ENLN) (O TN R

DO 7 1T7=]e4

IF (IY(IT)=1YR) 7,546

IF (MO(TIT)LTLIMONY GO TO 7
IF (ISM.FQ.Y) GO TG 7

Ism=])

M=1T

CONTINUF

IF (ISM,FQ.,1) GN TO R

IF (UNUMFQ.N) GO TO |

GO TN 4

LM=MO (M)

LN=1N (M)

LY=TY (M)

LPM=D

NO 10 T=M.s

67

Avt
AVt
Ave
avt
Lve
AvF
avt
avt
AVH
LvE
avVE
aVE
AvE
rvt
avt
avF
Lyt
LVt
AVE
Avt
AvE
AvVE
AVFE
svt
aVE
avt
AVE
AVE
Avt
AVE
AVE
avt
AVt
avE
AVE
AvVE
AVE
AvVE
AVE
aAvVE
AVE
avt
AVE
AVE
avt
aAvE
AVE
AVE
rVE
Avit

]
LY
&3
H4
e
A
a7
aRr
Yy
L2}Y}
Al
~7
LK}
~4
(2%}
LY
67
By
~Q
70
71
77
73
T4
7%
TA
77
7K
79
R0
a]
Re
]R3
Qa4
Mo
Rk
RT7
Rk
RY
G
Ql
G2
Q1
94
Q4
QA
w/
Qr
Q4
100




10

1=

16

17

iR

2n
21

Table 3.— =217 neove "50eS o —Continuerd

IF (SINUI)FQ.SIGNIIY)Y) WL {I)=WL(1)e(=~1,M)
CONTINUE

IF (JUYR.EN.ND) GO TO 14

[F (USM,EQ,1) GO 1O 37

DN 13 UT=M.4

IF (1Y (JT)Y=JYR) 13,111,112

IF (MO(UT) LELJMON) GO TO 13

JSm=i

IF (UT.FQ.,M) GO Tn 137
MO(JY)Y=MO (YT =~1)

INLJT)=ID(yYT=1)

Iviury=1vy(Jr=1)

WL(JT)=WL (gT=1)

CONTINUF

1F (M, FQ,.,4) GO TO 136

NGO 33 I=M,3

IX0=0

JT=0

TyJ=0

JJIJ=0

IF (UM FQ.0) GO TO 15

GO TO 7R

IF (MO(1e)1) ,NE,0) GO TO 14
MO{Te1)=MO(T)

ID(T«1Y=IN(])

IY(lely=TY(I])

WL(T+1)=wWL(])

GO YO 30

IF (MO(T) NEMO(101) ,0R,IY(I) NE,IY(TI*})) GO TO 17
BAz(1.04(ID(Jel)~ID(I))) /240
WW=Wwe (WL (])®BA) ¢ (WL (T*1)®(RA=],0))
NTM=NTMs (ID(T+1)=IR(1I))

6N Y0 0

IF (IY(I) NF,IY{1l¢])) GO TO 20

IF (MONTIY(I)ea).FQ.0) 1DAY(2)=29
K=MO (Je]l)=MO(])

IF (K.,FQ.1) GO TO 19

TA=MD (1)}

IR=MO(Te1)-1]

0O 1A JU=lA,IB

JAJd=JdJJd«I0AY (W)
NDY=IDAYIMO(I)Y=ID(])
RAZ(14NeNDY*JUJ*IN(T*1)) /240
WW=NWye (WL (1)2RA)+ (WL (Te])B(RA=-1,0))
NTM=NTM+ 2 JJsID(T+])eNDY

GO TO 30

IF ({IY(1e1)=1Y(1)).G6T,1) GO TO 26
KP=M(O(T) ]

IF (MODIIYII) &) ,FOLD) IDAY(2)=29
IF (KP,.GT.12) GO YO 23

6

AVE
AVE
AvE
AVE
AVE
avt
ave
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
avE
AVE
AVE
AVE
AvVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE
AVE

101
102
103
1064
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
1256
126
127
128
129
130
131
132
133
134
1358
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150




Table 3.—AVERAGE program listing—~Continued

DO P2 J=KP,12 AVE 15]

22 JJJ=JJJ+1DAY (J) AVE 152
INAY (2)=28 AVE 163

23 IF (MO(Ie*1).EQ.1) GO TO 25 AVE 154
1PP=MO (11} -1 AVE 155
IF (MOD(IY(I+1)+4).,EQ.0) IDAY(2)=P9 AVE 156
00 24 J=1.IPP AVE 187

26 1JU=1JJU+1DAY (J) AVE 158

25 NDY=IDAY(MO(IN)=ID(T) AVE 159
BAZ(1.0+JT+NDY*JJJI*TUJ*ID(I+1))/2,0 AVE 160
WWzWWe (WL (T)#BA)+ (WL (T+1)*(BA-1.0)) AVE 161
NTM=NTMeNDY*+UJJ+TUJ+ID(T+1) +JUT AVE 162
GO 70 3n AVE 163

2k KP=(IY(lel)=1IY(I))}=] AVE 164
KKI=34/S AVE 165
DO 27 J=1.kP AVE 166
IF (MOD((TIY(I)*J)ea) EQ.0) KKI=366 AVE 167

27 JT=JTekK] AVE 168
GO0 T0 21 AVE 169

28 1x0=1 AVE 170
00 29 K=1l+4 AVE 171
IMO (K) =MO (K) AVE 172
11D(K)=1ID(K) AVE 173
IIY(K)=1IY(K) AVE 174 ‘
AwWL (K) =WL (K) AVE 175
IF (X.FQ.1) GO TO 29 AVE 176 '
MO (K) =MD (K=]1) AVE 177 }
I0(K)=ID(X=1) AVE 178 '
IY(K)=TY(K=1) AVE 179
WL IK)=WL {K=]) AVE 180

29 CONTINUE AVE 1R1
MO(1)=UM AVE 182
ID())Y=0D AVE 1R3
Ivya1y=9y AVE 1R4
WL (1) =wLM AVE 18RS
GO Y0 15 AVE 186

30 INAY(2)=28 AVE 187
IF (IKO.NE.1) GO TO 32 AVE 188
DN 31 K=1.4 AVE 189
MO (K) =TMO (K) AVE 190
IN(K)=11D(K) AVE 191
IY(x)=1TY(K) AVE 192

Al WL (K)=AWL (K) AVE 193 '
IK0=0 AVE 194
JM=0 AVE 195
60 70 15 AVE 196

32 LLM=MD(T+]) AVE 197
LLD=ID(T+1) AVE 198
LLY=IY(]+1) AVE 199
WPD=WL (Te]) AVE 200

HhY




Table 3.—AVERAGE program listing—~Continued

33 CONTINUE AVE 201
DO 35 N=Ms4é AVE 202
PIN=AMAX] (PINyWL(N)) AVE 203
PAX=AMIN] (PAXyWL (N)) AVE 204
IF (PINJNF,WL(N)) GO TO 34 AVE 205
MA=MO (N) AVE 206
MD=1D (N} AVE 207
MY=TY (N) AVE 208

34 IF (PAXJNE.WL(N)) GO TO 35 AVE 209
NMA=MO (N) AVE 210
NMD=ID(N) AVE 211
NMY=TY (N) AVE 212

35 CONTINUE AVE 213

36 JM=MO(4) AVE 214
JD=1D{(4) AVE 215
Jy=TtY(s) AVE 216
WLM=WL (4) AVE 217

37 IF (UNUMNE,0) GO TO 3 AVE 218
WW=WW+wPD AVE 219
NTM=NTM+] AVE 220
AVE=WW/NTM AVE 221
IF (ELFV.FQ.0.0) GO TO 38 AVE 22?2
AVEL=ELEV~AVE AVE 223
PAXEL=ELEV=-PAX AVE 224
PINEL=FLEV=PIN AVE 225

38 IF (MON(12T+3).,EQ.0) GO TO 39 AVE 226
WRITE (IPT,54) AVE 227
GO TO 40 AVE 2278

39 WRITE (IPT,50) AVE 229

40 WRITE (IPT,.51) AVE 230
WRITE (IPT,52) (IHED(I)+I=14NQ) AVE 23]
WRITE (IPT4S53) LMeLDelYoLLMeLLDoLLY AVE 232
WRITE (IPT454) AVE 233
WRITE (IPT,55) AVE 234
WRITE (IPT.56) AVE 235
WRITE (IPT.5%5) AVE 236
WRITE (IPT,54) AVE 237
WRITE (IPT,58) DEPTHsAVEsAVELsPINyMAJMD MY sPAXsNMAJNMD o NMY,PINEL ,PAVE 238

1AXEL AVE 2139
IF (PAX) 41442442 AVE 240

41 WRITE (IPT.S57) AVE 241
GO TO 43 AVE 2472

42 WRITE (IPT+54) AVE 243

43 WRITE (IPT,51) AVE 244
WRITE (IPT,59) AVE 245
12T=12T+1 AVE 246
GO T0 1 AVE 247 4

44 STOP AVE 248

(o AVE 249

4% FORMAT (412) AVE 250




Table 3.—AvFEA Y rrogwpr !Tat vi—Continued

4h FNORMAT (ANXeF 7,201/ 58e]1Y) avt
47 FORMAT (19%4F5,.]e58X,T11) avt
GR FNRMAT (20X e]PAwe?h]lekixXel?) AVFE
469 FORMAT (193X 4 {3TPeAleFE el X)alXe] ) AvVE
&N FORMAT (|H)) avt
Q] FOBRMAT (lHN e lNX el ee e mcc e s r e e r e e e e rrccc e mr e r e e c e e — e m = AVE

R e ittt ") avt
R? FORMAT (19X e12844PA10]1200020]) AVE
S FORMAT (44Xe P (RFEGINNMNING DATE 4120 /04T a0/ T et ) tabx? (FNDING NATAVE

1F *alPe?/talPat/ Vel 1) aAvE
G4 FORMAT (1w ) AVE
8§68 FORMAT (P4Xetecrccommee e L R ettt e L L P v o 3avE

IE AL L LD Lt LR R L T b R e e e AXgta=—=t) AVE

Sh FORMAT (P4Xe'NFPTH OF wELL e 31X« tAVERAGRF DERPTHY « IX 4 tAVERAGE *"FANY s IAVL
IXe "MAXTMUM NEPTHY ¢ IX o PNATE* ¢ 3X e TMINTMIM DEPTHY 33X INATF /42 Ko tRELDAVE
PW OLANDY AX e 'SEA [FVEL Y ahXoetRELOW LANDY @ 13X o YHFLOW LANDY /44X o *SUURFAAVE
ACF T eAX G tELFVATINN® e UX o tSQURFACF Y e lAX G PSURFACKF DY) AvE

ST FORMAT (25X« " (NFGATIVF NDEPTHS A=t ARNDVE [ SH) ') AVE

R FORMAT (1HePRXaFS 1 a0X ettt g ] XaF R el Xat st ol XoF b PuaQXabhPotXa]Pet/0VE
YV alP et /0 4 12 e XaFn,2eaXalle? /03 T2¢%/00aIP2/T1Xa? (FLFEV YeFA,Pe") 4] ]1XsaVE
PYIFLEV V1 eFA,2e0) ) Avt

KO FORMAT (26X 4% AL| AVFRAGFS 2wF TIUF—wFTGHMTFD AVFERAGEIY /25X (IF +AVE
TLFVATION OR DFPTH IS FRUAL T0O 990,49y THEA N FLEVATION OR NDFPTH wAAVE
25 AVATARLF AT WFLL)") AVE
END AVE

71

’51
L]
2513
LA
285
256
a7
2hH
259
2h0
B!
262
23
2RG
265
P
PART
2FR
PY’]
270
271
272
273
274
278-
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Table S5.—.i 0w =00 vy gy Tloning

A
] FT:PROC OPTIONS(MATM)Y S
{- VA LB B EES R R R EIEE AR R RTRIE R RVETE S R R R R R R RO A R R RN R R A R R R e A
[a
y
f ATHMOE 11X

THIS PROGRAM COMPYUTES POTFNTIAL UPWNARD MAVEMENT ( OLF T

FVYAPONTRANSPISATION AT THF _AND SURFACEY 0L DEDT A5 TN TwE oA T5,.
TAP[F F20OM 1 T 50 FTLTHE DuNGRAW

COMPUTES THF HARMONIC-MEAN HYDRAYLIC COMDUCTIVITY FAOR o AYFWHE!
MATFRIAL BY: KSAT(HAr, MFAN myYD, COND ) =SUMTRICKNFSS) /
SUMITHICKNESSH#HYN (COND L) W IT ASSTGNS N AN SY1/772 vhi UFS TH A
LOG DEPFANDING ON CALCULATEN VALUES NF ¥SAT aAnl INPUT VALURS OF
FXP«QUCTIONS AND EXP_LLIMIT, THIS PHROGRAM (JQF &

N(GARDNFRYS EXPONENT) o AND ST/P2(TEMSTON AT ab](CH

DUNSATURATEN HoCo /SATURATFED 1,Ce = 1/2) TN COMPYUTFE VERTICAL FLOw
AS A FUNCTION NF DFRPTH, THF  FUNCTION [S FQ, 2R(F L9y 7F
PIPPLF s FT AL+ wSP 2019-A,

[

LR R R R KRR R R R R R R R R R R R R R R RO R R R R R AR LR R R L Rt R T -

Iy
DCL HO(M1IS)INTITOU1IS)NG) «FTME (2% 4 30) LOM(25) ¢ THIP2S) '
SHCTIOGN IO INIT(OCINYN ) «FXP_LIMIT(G) e (LaxSAT) DFC FIOAT (A, ‘.
FXP(1N) RINARY FIXEN(15e0) swfit _NO CHAR (&) o2 NCH FILE D0TPDT S
ON ENDFTILF(SYSIN) GO TO N13 ]
GET FILF(SYSIN) FOIT
(NMCo (ToHC(T) DO J=1 TO N=CY)

A 4

NHC = NUMRER (OF rYN, CONN, TN KE SEAD(RAXTMUM = ]&)

[ = NUMRER REFEPRING TN A { ITHOLOGIC TYPF, MAY RE ARR{TRALILY
CHOSEN WITHIN THE PANGF OF 1-1%.

HC(I) = HYD. CONDS(FT/NAY) OF LITHOWNGIC TYPF T,

=/
{ (COL (1) oF (2) aSKIP (1) e (NHCY(F(2)eF (Har)))
: (NEXP+ (EXP(T)«SUCTINON(IY DO I=]1 TO NFXP))
i /&
NEXP = ANIUMRFR (MAXTIMUM = 10) NF INPUT VALUFS OF &,
i FXP(I) = VALUF OF N CORRESPONMNDING TH SHCTIONIT),
i SUCTTIONCI)Y = VALUE OF S1/72 (IN FFET) CORQAFESPONDING TH v xD (1), 1
{ &/
(FOL(})-F(?)oQKIP(I)q(NFxo)(F(?).F(H)))
((EXP _LIMIT(T) NN I=1 TO MFxP=1))
/8
FXP_LIMIT(I) - JPPFR LIMIT GF rSoT FNRR FXP(T), MIJMREW 9F VLI IJFQ
IS NFXP=1 (MAX = G), FxP LIMTT VALFS MUST &8 ARWANGED TR ASCENUDTIANG

NRNER s (SMALLEST FINST AND LARGEST [AST), SINCF Tabit 1<
A CORRESPONDENCFE RFTWEFN EXP () aND FEXP_1IMTIT(T)e FXE]) wll
ALSO RFE CONFYD IN ASCArNDING NPRHE R,

(COL (1) «1D F{RaR)) S ‘]
PUT FTILFA(SYSPRINTY FPRITY y
(P Mg LTMITOEGIST /20 VEXEONENTE L (FT/NAY Y e (FTY 0
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Table 5.—ATMOFLUX program [icting—Continued

(X (172) aBaX{4) ahalNL Tl sQeX(S]aa (K} A
((EXP LI a0t o F X _LIMIT (L eSHCTIONCLY 0 {=] T S xe=1))
CINFYP=1) (CO1 (1) « X () aF (2) X (7)) ahab (Sab)a¥(5R)eF (3)))
(EXPMEXE) « SUOTINm (NP )Y
(COL LYY oX(3)eF {2)aX{P)aF (a)
SHCTINN=AN J4RFSUOTINNS
NO K=1 T6 NFXWS
NTEXP () 2
RIP=SUCTTION(K) &
PN=NS
NY=Ri=Y %
F=3, 14180/ (RN®SIN(3,14]1G00Q/R0)) 3
(=S P2%F /AN, 483
T1F x<1, THEN X=1,.,3%
N T=Y TN 30
1L.=3n,6R8+]13
A= (S)P22F /) #2Nt
N0 =1 1O 1Ny
XN =X #EN§
XN1=XN/X S
Xh2=XAN] /XS
= (I = XN =h) / (MEXMT =N]HXN2) 8
X=X=Lls
TF i<, THFEN (iz=i)2
IF g3, F=&4 THFM (30 TH €22

ENnD G
J=inng
cP: FIMF(NGT)=x=1,3
FnD e
K=123
L=)ns

[RXA TN -0 B B
: PUT FILF(PUNCH) FOIT
- ((FETMFUNSGT) 0 I=rel ) o)
(COLTIYeYNF (Tah) a0 1R) ¢ VNV GF (D))
K=K+]1N3
L=tl_+103%
FMND S
FMP S
Al:IGFTY FILC(QYQIN) FOIT
(WELL NOS(LENITI) o THIIY A0 T=1 T 12))
/4

WE-'_LiN() - WFLL MNiMAF
LENCT) = LITHOLDGIC=TYRE NUMEFR FOn Tek TTH ONTT [N THe LG
THOD) =~ THICKNFSS(RT) OF THF ITw onT {8 Teb 405,

(COL (Y)Y eX(G)YaA{G) )2 (F(P2)aF{a)))s
IF Tk(lP1>Nn, THEN NN
CET FILF(SYSINg FaTY
(CLOENCIYeT~CT) D0 1213 Tav 25))
yE
TF TH12Y5n THe IT IS MECFSQARY T AVE A SECORY (2 YO AN
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Table 5.—ATMUFLUX rrograr [lsting —Continued

RLANK) FOR LCDsTH,
@/
(COL(1) 413 (F(2)sF(6)))3}

FND
THCs THK=0,3
no I=1 10 253

THICK=TH(I)}

IF THICK<=0., THEN GO TO AZ3
THK=THK+THICK 3

HYD _COND=HC(LCDI(I)) 3
IF HYD _COND<=0, THEN DO3
PUT FILE(SYSPRINT) EDIT
(*WELL NUMRFEFR *oWELL_NOs'y UNIT ®*91sty CODE= *,LLCD(I),
*y HYDRAULIC CONDUCTIVITY = 0")
(PAGE A A(4) 9AsF (P)sAsF (2)eA)}
GO TO Al
END S
THC=THC+THICK/HYD _COND3
END 3
AP :KSAT=THK/THC
No I=1 TO NEXP-13
IF KSAT<EXP_LIMIT(I) THEN DO}
N=EXP (1)}
GO TO C13%
END S
ENDS
N=EXP (NFXP) 3
Cl1:PUT FTILE(SYSPRINT) EDIT

(*WELL NUMBER *oWELL _NO+*SATURATED HYDRAULIC CONDUCTIVITY = ¢ .KSAT,

¢ FT/NDAY Yo tGARDNFR* S EXPONENT = ' ¢N)

(PAGF. o A9B (4) yCOL(1) sAsF (Toeb)sAsCOL(1)4AF(2))
('DEPTHY 4yt TN ' WATER V4t (FT) gt ET/SHC 4 'FT(FT/DAY) ')
(SKTIP(2) ¢AsCOL(1)aX(2)sAeX(19)e COL(1)esAsX(20),
COL(1) aX(1)olaX(4)9AaX(4)eA)
((T<EINF(NyI)sKSAT#EINF (NsI) DO I=1 TO 30))

(30 (COL(1)eX(2)eF(P)eX(B)eF(B95)eX(5)¢F(RsS)I)) S
PUT FILE(PUNCH) EDIT

(WELL NOJKSATIKSATsTHKy 1 ?)

(COLCY1) oA (4) oaX{6)93 FI1NsS) eX(6)sA)

GO TO Al

DYIEND FET?
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"TOHO SO0

SO OD

o)

aEeNe]

e ReNe]

‘AN

Tehle 7.—=POTEET prozram listing
(L2222 XXX 22X L XSRS EREEEREEREEEEYEELEEE R LR N R

POTEFT

THIS PROGRAM COMPUTFES DAILY POTENTIAL EVARPOTRANSPIRATION,

P0T
PNT
POT
POT
POT
POT

IN INCHES PER DAYe USING & METHOD DEVELOPED BY C, W, THORNTHWAITE,POT

PRIMARY INPUT IS DAILY MAXIMUM ANN MINIMUM ANN MONTHLY AVERAGF
TEMPERATURE DATA FROM WFATHER RUKRFAU STATIONS,

L2 A2 AR AR LR LR RRRdRAXRERREEAsyE Y2 NEY-R 2L R Y NEEYEYEE-R-2.5-]

COMMON/C?2/IRDWIPTHIPCH
REAL MINTI(1850) ¢MAXT (]1RSD)
DIMENSION AMT (12)+PF (1R850)
I1PD=1

IPCH=14k

IPT=6

pat
POT
enT
POT
POT
POT
POT
POT
PaT
POY
POT
PNY

NSTAS=NUMBER OF WEATHER RUREAU STATIONS FQOR WHICH POT FT IS COMPUTPOT

READ (IRD«11) NSTAS
DO S TJUKLMN=1,NSTAS

AMT=AVFRAGF MONTHLY TEMPERATURE. IN NDEGRFES F
REAN (TRDe10) (AMT(J)ed=1e12)
HTI=THORNTHWAITE HEAT INPEX

HT1=0.0

DO 3 J=1,417

IF (AMT(J)=324) lele2
HI=0.0

GN T0 X

HI=((AMT (J)=32,)/9,)8%],514
HTYI=HTI+HI

A=THORNTHWAITE 'S FEXPONENT

POT
POT
POT
PQOT
POT
POT
pPOT
pOT
POT
POT
POT
POT
POT
POT
pnT
POT
POT
POT
POT
POT

A= (A, TEFE=0T# (HTI®#eT,) )= (T.T71F =058 (HTI#2#2,))+(1.79E~-02HT]) +4,9F=0N]1POT

PI=3.14160
STALAT=STATION LATITUDFs AS A DECIMAL NUMRFPR,
REAN (TRDe9) STALAT

AMP=AMPL ITUDE OF SINE-WAVF VARIATION IN DAYLIGHT FACTNR

POT
POTY
POT
POT
POT
POT
POT
POY

AMP= (] R6F=NS® (STALAT®#®3,) ) =(2,087E=-03¢(STALAT®R®2,))+(R.R17F=-028STPOT

[ T S Iy GO R PR,
O DT NI S WNN—~DL DN NS U~

W WXV VYIVNY YNV VN
W=D 0T ~NITUI P WNY—D

)
rS

SN W
DLEDP~NTUW

E
S WY =

PP N O
L o~NIN

n
-




Table 7.— POTEET program listing —Continued

1ALAT) POT 5]

o POT &2

c NYR=NUMRBRER 0OF YEARS OF STATION RECORD FNR THF GIVEN STATION TO RE POT &3

Cc ANALYZFD POT 54

C POT &85

RFAD (IRDe11) NYR POT a6

c POT &7

Cc MO=TOTAL NUMRBREFK OF NDAYS IN PFKRIOD TO &f PRNOCESSED, POT LY

C POT &9

i C DSF=DAYS SINCE SPRING FQUINOX TO KFGINNING OF RECORND TN KE ANALYZEPOT 60
C (=20 NR=-81 FOR JANUARY 1) POT 61

C POT w2

READ (IRDeR) MQODSF POT &3

o POT A&

c IYFAR=CALFNDAR YEAR FNR WHICH POTENTIAL FT IS COMPUTEND POT 65

o POT A6

READ (TRDe7) IYFAR POT &7

CALL RFADSC(MAXT MO IRD) POT &R

CALL READSO(MINT ¢MOGIRN) POT A9

PFSUM=n, POT 70

i NO=M0-130 POT 71
; DO 4 I=14NO pPOT 72
: K=T1+3n POT 73
TSUM=MAXT (K) ¢+MINT (K) POT  7a
TEMP=(TSUM/?,=324)1/1.R POT 75

IF (TFMP L T.0.) TFMP=n, PAT 76

¢ POT 77

C DLF=DAY LENGTH FACTOR. THF RATIO NF HOURS OF NAYLIGHT TO 12 POT T8

c POT 79

: DLF=1eNe ((AMP=] ) #SIN(PI®#(]1+NSF)/183,)) PNTY RO
g UPF=e 0212 (((10,°TFMP) /HTT) aop) POT R]
) PE(T)=tIPE®DLF POT  RP
6 PFSUM=PFSUMePE (1) POT  R3

& CONTIMUE POT R

WHITE (IPCHeh) (PF(I)eTI=1eMN) POT RS

WRITE (IPT.12) PESUM™ POT A&

STOP POT R7

o POT RR

A FORMAT (INFT7,4¢3XKetPEY) POT RQ

7 FORMAT (14) POY QO

R FORMAT (l4eFS5.0) POT 91

9 FOKRMAT (Fu,) PNT QP

10 FORMAT (]1PFA,2) PNT (e}

11 FORMAT (I PNT Qa4

12 FORMAT (1 X4'PESUM=?eFR,4) POT Q8
END PNT  Qk-

4
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Table 7.—POTEET vrogram !lstirg—Continued

SUBROUTINE READSO(SOsICNTLIRD) REA |

c [ ZAZ XXX 22X 22 Z 2 X2 XYY R R XY RS R R SRR R R YRR XYY XYY R YRR Y ) REA 2

c REA 3

c READSO INPUTS THE NUMBER OF DAYS IN EACH MONTH AND MAX, AND MIN,REA 4

c TEMPERATURES., REA 5

o REA 6

C BEPRBBVBRDIDGRDPEGRRVLRRRDAERNORBODROOBRNVOODROOUBBLOERRBOIRROIRIEOROS QEA 7

C REA 8

DIMENSION SO(1850) 4MDAY (12) ¢ TEMP(1850) o IYR(1850) ¢MON(1RS0) REA 9

1 IDAY()RS0) REA 10

¢ REA 1)

¢ MDAY (IQ) =- ARRAY CONTAINING THE NUMBER OF DAYS IN EACH CALI'NDAR REA 12

c MONTH, REA 13

c REA 14

READ (TRDs9) (MDAY(1Q),IQ=1,12) REA 15

1=0 REA 16

c RFA 17

¢ IYRD -- CALENDAR YEAR REA 18

c REA 19

. c IMOND ~- CALENDAR MONTH REA 20

i c REA 2}

: c TEMP () -~ TEMPERATURES FOR FIRST 10 DAYS OF MONTH, REA 22

' ¢ REA 23

1 READ (IRDs7) IYRDGIMOND. (TEMP(J) sJ=1,10) REA 24
,: IF (IMOND=2) 44294 REA 2?25 ': 4
i 2 IXY=1YRD/4 REA 26 )

IF ((IXY®*4)=1YRD) 44344 REA 27

3 MDAY(2)=29 REA 28

4 1STOPM=MDAY ( IMOND) REA 29

¢ REA 130

c TEMP (J) =~ TEMPERATURES FOR DAY 11 TO END OF MONTH, REA 3]

c REA 32

, READ (1RDWB) (TEMP(J) 4J=11,1STOPM) REA 33
! MDAY (2) =28 REA 34 .

NC & J=1+1STOPM REA 3%

i I=1+1 REA 36

IYR(I)=TYRD REA 37

MON (1) = IMOND RFA 38

10AY(1)=U REA 139

SO(T)Y=TEMP () REA 40

S CONTINUE REA &1

IF (I=-ICNT) 14646 REA 42

& CONTINUE REA 43

RETURN REA 44

¢ REA 45

7 FORMAT (9Xe212+s1Xs10FA.2) REA 46

R FORMAT (14Xs10F6.”70/014X911F6,2) REA 47

Q FORMAT (1212} REA 48

END REA &9~
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Table Q.— wIVriatis e p
FERBOLRIERTIRLRIORBEROTRDOOQOEUDNCEE DD DL G

--  RIVCwA*GFE --
INTFOPOLATION AND AVFLRA[AG

PROGRAM

(FNk MATNSTFEM,

CERE R AR R REAEE R EIE R RS -RE- - R0 R AR Rl R RN R RS R R LR

THTS RROGRAM TS DESIANFY T0 PwaylnF  TwF
STMULATTION MODKF|L s SUPFEMOACK, WITH ] R=AY AVF
FVERY 10 DAYS FNOR SPECTIFIF CONLFESD2ONNING NN
MILFS,

PRIMARY INPUT 18 CARRFSPONMING wIVFR=8Ta
IN S=DAY TNMCOREMENTS wHICH (AN wE wFaAD Funw F
0P NDISK FILFS OW FROM CAKDS, NNANE LFVFE[LS &R0
MILFS ARF RFAND FROM CARNS,

THF PROGRAM INTERPQOLATES FOR HOTH TIMF a
COMPUTES 10=NDAY AVFRAGFEFS F(OR ThF FaTIwk PER]

THF FIRQSYT RFCORND IN THE QuUTPUT NATA SFT
LEVFLS YOU HAVF RIVER STAGE FORe HOW MANY (W
AVERAGFS YOIl mAVE« AND THF TIMF INCIEMENT. T

THF DATA ARF WRITTFEN NANTO A MASNFTIC STN
UNFORMATTFDN. VARTARLF=-LENGIH RFCORNS,

22 K-R- 2R -R-E-R-R- -8 ROE: R L. RO RV R R XK R R e R UR LN $ R R
eus [NPUT DATA oo

IMON = BEGINNING MONTH?

IDAY = IDAY + |0 = DAY OF FIRST 1.=138Y AVENA
IYFAR - BFSINNING YFAW

ICNT = NUMRFR NF NAYS PFRTION OF - [OTANE O ARVE ¥
NDAYS = | IMF INCRFMENT

NSTAGY = NIMBER OF NONF LFyFLS

[J =~ ARRAY HOLOING NODF LFyFLS

QM =~ A0RAY HOLNING RIVER MILFES COWRFSL TR TN

TUM = NIMRER OF CNARRFSPOANDTIMNG KIVyFw MTLES AN
HOTIME STFR OIN THe INPUT aTa SFT,

[START = SFAUENCF NIMAF& OF DAy wEATIVF [N
COMPHTATINN T(O aFTr,

THFOGN = SEOIENCF NUOMRBER OF SAY [N THPOT aTa
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GROUND=wATFY F| Niw wlv

HAGF RIVF-=QTARF NATA ~IvV

NF LFVELS ann RIver Flv

Hlv

GFE ANT RIVER MILE DATAR]TY

[THER MAGUETIC TaP# IV

THE IR APSRNPRTIATF RIVW]y

Iy

N RTVFR MILES ANA FTv

nn nNfF wFECreRD, Ry

TEFLLS YOU =0w Mayy NOLR

GRS AF 1 =NAY ~
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Table 9.—RIVCHANGE program listing—~Continued

T0 REGIN, RlV

Ply

IEND = SFRUENCF NUMBFR OF HAY IN [NMPUT DATAE SFT WHFRY INTFRRO(ATIRIV
YO END. RIv

RIvV

DUMMY = DATF ON INPUT DATA SET, RIv
RIvV

DAY = SEQUENCE NUMABFR ON INPUT NDATA SFT (MULTIPLES OF FIVF)Y, PIv
RIvV

GMM -~ ARRAY HOLNING RIVER MILES ON INPUT DATA SFT, PRIV
RIv

FFL = ARRAY HOLNING RIVFR STAGFS CORRESPONNING TO RIVFR MItFS ON  KIV
INPUT DATA SFT, RIv

RIv

#ae OUTPUT NATA #us PRIV
RIV

NSTAGE = NiMRIER OF NODF LEVFLS,. FIv
R QY

NQSFT - NUMQFR OF GROUPS OF 10-DAY AVERAGES (RECNMDS) YOU elv
HAVF IN OQUTPUT DATA SFT, RIV

Plv

NDAYS = TIMF INCRFMENT RIV
RIV

IMON+INAYIYFAR = MONTH, DAY, AND YFAR, FACH OUTPYT RFCORD IS RIV
DATED, RIvV

RIV

J = SFAQUENCE NUMRBFR OF FACH RECORD IN OUTPUT DATA SET, RIV
PV

1J = ARRAY HOLDING NONE LEVELS IN nuUTPUT DATA SHT, PRIV
RPIV

H = ARRAY HOLDING RIVER=STAGE VALUFS CORRFSPONLING TN NNDE LFVFLS RIV
IN OUTPUT NATA SET. A1V

Rlv
QGOQQ##QGGQQQQ##Q#G&6#““&“#{:90%ﬁ&bn&#ﬂﬁﬂ&{bo(1—6&#&###&###6#6##&9&###9I Vv
Rlv

DIMENSION JTJ(200) 4R8M(200) «H{200) «GH(SNe2N0) « GM(SN) oF | (SN 472) “lv
DIMENSION JDAY(]12)+GMM]IBN) FELI1SN2) «NIMMY (D(1) HIV
DATA UNDAY/31e”P 631 ¢30e31 0300310314301 0017/ IV
DATA GH/Z10000%0 ./ RIV
IRD=S ' P1V
1TP=10 K1V
INA=9 RIvV
IPT=4 “iv
READ (TRDe182) IMONLIDAYSTIYEAK ely
IF (MOD(IYFAR4) FNL,0) JNAY(P) =29 R1V
READ (TRD419) ICNT«NDAYSWNSTARK B AY
RFAD (TRDW20) (TU(T)eRMIT)1=1aNSTAGE) Plv
RFAD (TRDy24) JiM RIv
RFADN (1RPD.24) 1STARY RV
RFAD (IRD«24) IREARNCIEND RIv

89

s]
52
&3
&4
(1
S6
a7
5A
]9
AD
A1)
A2
A3
AG
A5
A6
61
AR
~Q
T0
7]
77
73
T4
75
74
77
TR
79
A0
21
RP
A3
Aa
RS
RA
RT
AR
RQ
Q0
Ql
97
93
[STA
98
9k
Q7
9R
Q9
100

| Bl |
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Table 9.—RIVCHANGE program listing—Continued

READ (I1TP,21) DUMMY
READ (1TR,.25) DAY
110AY=DAY

READ (1TP+2A) (GMM(I)+FEL(Tel)eI=101UM)

IF (11DAY.NE.IBEGN) GO TO 1
Jz=0

12=0

DO 2 J=1eTUM

IF (GMM(J) GE+RM(]1) ¢AND.I1Z.EQ.0) IZ=U~-]

IF (GMM (J) sGE.RM(NSTAGE) s ANNeJZ.EQ.0O)

CONTINUE

NUM=0

DO 3 1=1Z.J7

NUM=NUMe ]

GM(NUM) =GMM (])

EL (NUM,1)=EEL(1,41)
CDAYS=ISTART=-11DAY

IXIN=ISTART

IS=1START/10

READ (1TP+2)1) DUMMY
WRITE(IPT4201)DUMMY

READ (1TP,2%) DAY

WRITE(IPT, 30)DAY

READ (ITP«27) (EEL(I92)eI=101UM)
NZ=12

DO 5 J=1¢NUM

EL(Je2)=EEL(NZ+?)

NZ=NZ+)

WRITE(IPTs 30)(EL(I142)0e1=19NUM)
12D0AY=DAY

IX=12DAY-11DAY

ID1=11DAY+]

IF (ID14LTLISTART) ID1=ISTART
DO 6 J=1D1s12DAY

JJ=J=T1DAY

JTH= (J=ISTART)/10+1S

DO & I=1¢NUM
DFL=(EL(Te2)=FL(I41))/IX
GHIToJTH)=ZEL(To1)+DELO®UJ*GH (] 9sJTH)
DO 7 1I=1eNUM

EL(Ts1)=EL(1+2)

110AY=12DAY

IF (DAY=-IEND) 4+8.8

DN 9 T1=1+50

DN 9 J=1,200
GH(TeJ)=GH(T14J)/10,
NQSET=TCNT/NDAYS

WRITE (IDA) NSTAGE +NQSETNDAYS
WRITE (IPT,28) NSTAGE+NQSETsNDAYS
ISTATH=ISTART/10

90

JZ=J

RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
R1V
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
R1vV
RIV
RIV
RIV
RIV
RIV
RIvV
RIv
RIV
RIV
PRIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
RIV
R1V
RIV

101
102
103
104
105
106
107
108
109
110
111
112
113
114
116
116
117
118
119
120
121
122
123
124
125
126
127

129
130
131
132
133
134
135
136
137
138
139
140
14}
142
143
144
145
146
147
148
149
150




Table 9.—RIVCHANGE vrogram listing--Continued
DO 17 J=ISTATHJTH RIV 151 |
D0 13 I=1,NSTAGE RIV 152
DO 10 K=]1eNUM RIV 153 :
IF (RM(1),.GE.GM(K)) GO TO 10 RIV 154
60 T0 11 RIV 155 }
10 CONTINUE rRIV 156
K=NUM RIV 187 :
G0 TO 12 RIV 158
11 IF (K.FQ.1) GO TO 12 RIV 159 t,
KS=K=-1 RIV 160
HII)=(RM{T)=GMI(KS) )/ (GM(KS¢1)=GM(KS) ) # (GH(KS*]4J)=GH(KSsJ))+GH(KS,RIV 161 2
1) RIV 162
60 70 13 RIV 163 j
12 H(I)=GH (K J) RIV 164 I
13 CONTINUE RIV 165
INAY=IDAY+10 RIV 166
IF (INAY.LE.JDAY(IMON)) GO TO 16 RIV 167 ;
IDAY=IDAY=JDAY ( IMON) RIV 168 j
IMON=IMON«+] RIV 169
IF (IMON.LE.12) GO TO 16 RIV 170 .
1MON=1 RIV 171 b
IYEAR=IYEAR®] RIV 172
IF (MOD{(IYEAR+4)) 15414415 RIV 173
14 JDAY(2)=29 RIV 17s
GO TO 16 RIV 175 ;
15 JDAY(2)=28 RIV 176 t
16 WRITE (IDA) IMON.IDAY.IYEAR RIV 177 4
WRITE (IPT+22) IMON.IDAY,IYEAR R1V 178
WRITE (IDA) J RIV 179
WRITE (IPT29) J R1V 180
WRITE (1DA) (IJ(I)eH(I)sI=1sNSTAGE) RIV 181
WRITE (IPT423) (1JC(I)4H(T)9I=1+NSTAGE) RIV 182 v
17 CONTINUE RIV 183 i
sTOP RIV 1Ré |
c RIV 185 I
1A FORMAT (312) RIV 186 |
19 FORMAT (1615) RIV 187 i
20 FORMATY (B(144F6.1)) RIV 188 ‘
21 FORMAT (20A4) PIV 189 |
22 FORMAT (1XsI290/%41240/0,12) RIV 190
23 FORMAY (7(1XeI4s1XsF6.2)) RIV 191 i
24 FORMAT (215) RIV 192 \
25 FORMAY (F10,3) RIV 193 !
26 FORMAT (BF10.3) RIV 194 .
27 FORMAT (4(10XeF10.3)) RIV 195 ¢
2R FORMAT (1X+518) RIV 196 !
29 FORMAT (1X.IS) RIV 197 {
END RIV 198~ }




ATTACHMENT E

TRIBCHANGE Program
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Table 11. = KIBCHANIE progrem “lating

'...O.Q.QQQODOOQDD.QOQQOQOGQOQQQQQQQQ&GDG(}\')00()-.)090(4“04&000#90900QGY.JI

=~  TWIHCHANGE  ~--
INTFRPOLATION P0OGKHAM
(FOR TRIRUTARY STREFAMS)

Tl
TRl
Tel
T
Tl

.O'QOO...Q'DOOOOGQQ00000““&6“9{!9“QO{.\'&QOOQOG\'.‘QQ()s‘c\'bv\}QQ(:GQQOQGQ(}OOQGTHI

THIS PROGRAM OROVINFS [0=NAY<«AVFRAGE STOFAMASTAGE NATA
CORRESPOANNDING T SPFCIFIC ANOE LEVFLS FNOR T TROTALY STwp AuS
IN THF AR A,

1O0=DAY=AVERAGF DATA FOL (IFFEEmeNT GAGINMG STTFS FNe FACH
STRFAM ARF READ , INTFRPOILATION FOR NISTANCE S PHEREO2METD
IN ORNDFR TQ DETFRMINE STAGES FR PARTICH Al NODFS,

QUTPUT T8 WRITTEN ON MAGNEFTIC D[Sk FILF TO WHr REFERENCED

MODFL ING PROGHAM,

v)v

Tl
TRl
Tw1
TR1
Tvl
T}
TRl
Tl
Te1
T<1

BVOORVRLRBADORDORBAOOCVRDVLRNRRRRNBVERVBLRIRINDRGORNLBORCRTROCGIORUIOTR]

VBBV VOHIVLIISGIDIDINOIVDICNIINLILIGUIIA IO QDD IN IR IR DL DD NS

esd INPUT NATA eao

DUM = TITLF RFADING FOR PRINTED OUTONT,

NSTRMS = NUMRKRER OF TRIRUTARY STWNFAVS,

NDATA ~ NIUMRENW OF 10=NAY AyFRAGES QF 100 FRTIFRED FOk FACKH STHEAM,

NAVFE = NUMRER OF 10=-0DAY AVERAGF RFECHRDS Ta Wb 1N OtiTeoT,
NSTOT « TNTAL NUMRFK OF NODFS TO RF ASSTORNEDY A STWFAY STAGE,
= REPFTITIVE FOR FACH STREAM —=

NGAGF « NIIMRER OF GAGFS ON STRFAM,

NSTAGF = NIIMRER 0OF NODFS APPLICARLF TN Tw[S STweam,

GFL = FLEVATION OF GAGF,

GM -~ STRFAM MILF OF OLAGF,

GH - ARRPAY HOLNING 10-NDAY=AVERAGE STREAY CTAGES,

[J = ARRAY HOLNING NODF LEVFLS,

RM = ARKAY SOLDING STRFAM MILES CURWFSEANNDTING To NODE L FVEL S,

ese QUTPUT NATA esae

Tl
TRl
1wl
T=1
TRl
Twi
TR1
TR
Tl
TRl
Tl
Tl
Twl
TR
Tw]
T=1
T=1
Tl
TR]
1wl
Tw]
TR
Tl
Tw ]
TR
T~1
11
11
Te1
Twl]
w1
Tkl

O ~NITJT & WV —

af)
6l
[
R
X
as
4K
“?
(Y
“9
a0

= rm—— —g——
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Table 11.—=TRIBCHANGE program (isting--Continued

DM = TITLF HWEANDING (IN PRINT ONLY),

NSTOT = TOTAL NUMRER OF NODES,

NAVF = NUMRER OF 10-DAY~AVFRAGE RFCORDS [N OUTPHT (PRINT ONLY),
TJ = ARQRAY HOLDINAR ALL NODPFS,

K = SFQUENCE NUMHAFK FOR €ACH RFCORD woITTEM,

H = ARRAY HOLDING STRFAM=STAGE VALUFS CNRRFSPONDING T SPECIFIFD

NONE LEVELS AND STRFAM MILFS,

Tw]
Til
Twl
Tal
TR1
Tl
TR1
TRI
TRl
TRI
TR1
TR
TRl

QﬂﬂdﬁﬁﬂﬂﬂéﬂﬁﬂﬂﬁﬁéﬁﬁbOQQ\‘)OQQQQQQ&OODDO09()9{30QQQQQQ(}GG{)QQQ##QGQQQGQOTRI

DIMENSTION GH(T74300)«1J(00)«RM{ANN) ¢H(20) a1 2)aOBMIT)eSEL LT
DIMFNSION DUM(20)

DATA H/3AKR2e0,/

DATA IRBN/S/IDA/2/«1PT/R/

READ (IRDLQ) DIM

READ (TRDW10) NSTRMSGNDATA

READ (TRDe10) NAVEJNSTNT

ITT=0

DN T 1S=] 4NSTRMS

READ (TRDe1N) NGAGFSeNSTAGE

DO 1 I=z1eMNGAGES

READ (TRDe11) GFLIT) «GM(T)

READ (TRDe11) (GHI{IsJ)ed=1eNNATA)
CONT INUF

IT=17T71

ITT=ITTeNSTAGF

READ (TRNe12) (TJ(T) ePM(T) o I=ITeITT)
DO A Jz=]«NAVE

DO & TI=IT,ITT

DO 2 K=14NGAGES

IF (RM(T) ,GF,GM(K)) GO T0O 2

GN T A

CONT INUF

K=NGAGFS

GN 10 4

IF (KsFQ,1) GO TO &

KS=K=]

T]
TRI
Tl
TRI
TR
TR]
TRl
TR
Tl
Tiel
TRl
TRl
Twl]
721
TRl
TR]
TRl
T21
TR1
Trl
TRI1
TR
1wl
TR1
TRI
vl
TRI
Tw]

H T eJ)I=(RM(T)=GM(KS))/(GM{KSe]1)=GM(KG) ) ((H(KS+] e )) =AM (KSe ) oGk (KTR]

1Se1)=GFLIKS) ) oGFL (KS) eGH(KS e J)
GO TO &

1F (RM(]) GT.GMIKY) GO TO S
H(TeJ)=GH(KeJ)sRFL (K)

CONT INUF

CONTINUIF

CONTINUIF

97

TR
TRI
TRl
Tw]
TRI
Twl
TRI

&1
LY
S3
R4
K5
56
a7
“R
59
~0
Al
¥
A3
G
AR
AR
7
~R
AQ
70
71
77
73
T4
A
76
77
TR
79
R0
Al
R?
a3
R4
’&
R6
n7
KRR
RQ
Q0
91
Q2
Q3
BYA
95
96
Q7
Qp
Q99
100

e mar v,

A e




Table 11.— TRIBCHANGE rrogram 1iatinz—Continued

WRITE (IPT,13) DUM TRY 101

WRITE (IPTel4) NSTOT.NAVE TRI 102 ‘
WRITE (IDA) NSTOT TRI 103 !
WRITE (IDA) (IJ(I)eI=z14NSTOT) TRT 104 i
WRITE (IPT.14) NSTOT TRI 105
WRITE (IPT,1S) (TJ(1)s1=1sNSTOT) TRI 106 ‘
K=9 TRI 107 s
DO 2 JU=1sNAVE TRI 108 ‘
WRITE (IPT.14) K TRI 109 '
WRITE (IDA) K TRI 110 |
WRITE (IPT416) (IJ(I)sH(I4J)eI=14NSTOT) TRI 111 }
WRITE (IDA) (IJ(I)eH{IoJ)eI=1sNSTOT) TRI 112
K=K+ TRI 113 [

R CONTINUE TRI 116 |
STOP TRI 115 .

r TRI 116

9 FORMAT (20A&) TRI 117

10 FORMAT (21%) TRI 118

11 FORMAT (15F5,2) TRI 119

17 FORMAT (8(144F6.1)) TRI 120

13 FORMAT (1X+20A4) TRI 121

14 FORMAT (1X,215) TRI 122

15 FORMAT (20(1Xe14)) TRI 123

16 FORMAT (10(1Xelby1XsF6,1)) TRI 124
END TRI 125~

98




ATTACHMENT F

DELETDELH Program
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Table 13.—DELETDELH program listing

NELET /% LR R R LR R E-R-E-R RN R I k- R R R R RTII R 7 0 I R I R LI I SIS ST S (AP P )

INT1:GET FILF(SYSIN)

NFLTAET /7 DELTAH

THIS PROGRAM CUMPUTES NELTA FT / DFLTA A DSING
THE RIPPLF FIUNCTIONAY ,

L-X-R-E-R B> R R R R R R R R R R R E-RR V- R ILF - IR I LRSI IR <3 Y I G = R B 1+ A VI I VIR
x>/

PROCEDURF OPTIONSI(MATIN) S
DEFCLARE FTY(2P:S5430)«GWETOCIN) @DNET(RAN) owFLL MO THAR{G)
ON ENNFTILFEA(SYSINY GO TO FNDLR
‘&
RFEAD VALUES OF ET/SAT HYDLCOND, FOR NFPRPTHS AF 1 TO 3N
FEET ABOVF THFE wATER TARLF FQO FOUR 2ANGFS TN VFRTICAL
HYDRAULIC CONNUCTIVITY.

GFT FILF(SYSIN) ENITIETHILCOL (1) o100 F(T7eR)eXi{li)) s
Va4
READ DATA FOR INDIVIDUAL ORSERVATION wELLS - TD. NUMRFR,
VFRTICAL HYDRAULIC CONDUCTIVITY FOR MATFRTAL FROM _AND SURFACF
TO THF WATER TARLE AND FROM THE wATF2 TASXLE TnO TOP NF THF
AQUIFFRe THICKNESS FROM | AND SUKRFACFE TN TNP OF AQUIFER,
AND AVERAGE NEPTH TO waTFr,

i/

& F(l0)) 3
IF HCU< N4 THEN DO
IF HCU<,N04 THEN [FXP=23
FLSF IFxP=x=33s
ENNS
FLSE NO2
IF HCU<,4 THFN [EXP=42
FLSF IEXxP=53
FNDE
XeFoF=0,2
pnno I=1 170 303
FeF=ngt
XzX+],4%
Y=Xx3
NERE
IF U>30 THEN ETD=0,.3
FLSF ETO=HCU#ET([FXPey) 3
IF THICK>Y THEN D02
FLOW=HCL#(Y=X) /(TH]IrK=Y) 3
IF FTO>FLNw THFN DO
Y=Y+l,.5
J=J+1s
F=FTNO?
F=FLNw?
GO TN A

101

EDITUOWNFLINO«HCU e HCL o THICK 4 DT w) (COL (1) ah{a) e¥ (&)

wibattnincniy




Table 13.—DELETDELH vpogram [isting—Continued

END?

ELSE DOt
G=E~-F-ETO+FLOWS
IF G>0. THFN GWETO(I)=F=(E-ETD)®(E~F)/G3
ELSE GWETO(I)=0,3
GO TO &273
END

END?

ELSE DO

IF F>.,0000005 THEN DO}
EETO=E-ETO?
EHYT=ETO+HCL+EFTO® (Y=THICK) 3
NY= (SQRT (EHYT#%#2+4 (#HCL® (THICK=X) #EETO) =FHYT)
/(2.%EFT0) S
GWETO(I)=FETO+EFTO® (Y=THICK+DY) 3

END
ELSE GWETO(I)=ETO3 ‘
END$ H
IY:: IF GWETO(I)>.00822 THEN GWETO(T)=,00R22}% ]
ENDS :
J=DTw+.51%
no I=1 TO 303 ¥
IF J<=1 THEN GWETOJ=GWETO(1)3 :
1IF J>30 THEN GWETOJ=0.$ '
IF J>18J<=30 THEN GWETOU=GWETO(J)$ .
IF I~z THEN DET(I)=(GWFTO(I)=-GWETOJ)/(J=T)3 3
FLSF DO}
IF J=1 THEN DET(I)=GWETO(1)~GWETO(2)3
IF JU>18J<30 THEN DET(I)=(GWETO(J=1)=GWETO(J+1)) /2.3 J

1F J=30 THEN DET(I)=GWETO(29)~-GWwFTO(30)3

ENDS
END3 :
PUT FILF(SYSPRINT) FDIT(WELLNOs 'HCU= toHCU *HCL= '"oHCL ]
YAVE, DTW = v9DTWe'THICKNESS= s THICKS ]
DTWI(FT) ET(FT/DAY) DET/DH(1/DAY) %,

(T4GWFTO(I)NET(I) DO I=1 TO 30)) -

(PAGE A (4) o6 (SKIP(1)eAsF (1N095))sSKIP(P)aly ‘H
30 (COLIS) oF (2) X (3)oF (1047) X (5)sF(10e7)))3 ¥
GO TO IN13 ﬁ

FND1:END DELET!?




-kt

329
HCU= 0.,02000
HCL= 000500
AVE. DTW = 3.,00000
THICKNESS=  14.00000
OTW(FT) ET(FT/DAY) DET/DH(1/DAY)
1 0.0021079 0.0002980
2 0,0017863 0.0002745
3 0.0015119 0.,0002880
4 0.0012104 0.,0003014
5 00009873 00002623
6 0.0007551 0,0002523
7 0.0005939 0.0002295
8 0.0004560 0.,0002112
9 0.0003467 0.,0001942
10 0.,0002647 0.,0001782
11 0.0002044 0,0001634
12 0,0001601 00001502
13 0.,0001266 0.0001385
14 0.0001020 0,0001282
15 0,0000832 0.0001191
l6 0.0000686 00001110
17 0.0000572 0.,0001039
18 0.0000482 0.0000976
19 00000410 0.0000919
20 0.,0000352 0.,0000869
21 0,0000304 0,0000823
22 0.0000264 0.0000782
23 0.0000232 0.0000744
24 0.0000204 0.0000710
25 0,0000180 0.0000679
26 0.0000160 0.0000650
27 0,0000144 0.0000624
28 0.0000128 0,0000600
29 0.0000116 0,0000577
30 0,0000104 0.,0000556

US GOVERNMENT PRINTING OFFICE 1980671682
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Figure 29.--Example of output from DELETDELH program.







